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ISeries MELPS 740 single-chip microcomputers 



M50708-XXXSP/FP 


6K-Byte Mask-Prog. ROM, 128-Byte RAM, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


2-28 


M50740A-XXXSP/FP 


3K-Byte Mask-Prog. ROM, 96-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


52P4B/50P6 


2-3 


M50740ASP 


External ROM type, 96-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


52P4B 


2-3 


M50741-XXXSP/FP 


4K-Byte Mask-Prog. ROM, 96-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


52P4B/50P6 


2-3 


M50742-XXXSP/FP 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


2—28 


M50743-XXXSP/FP 


4K-Byte Mask-Prog. ROM, 128-Byte RAM 


C, Si 


5±10% 


30 


1 


8 


64P4B/72P6 


2-54 


M50744-XXXSP/FP 


4K-Byte Mask-Prog. ROM, 144-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


2-80 


M50745-XXXSP/FP 


6K-Byte Mask-Prog. ROM, 192-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


64P4B/60P6 


2-108 


M50746-XXXSP/FP 


6K-Byte Mask-Prog. ROM, 144-Byte RAM 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


2—80 


M50747-XXXSP/FP 


8K-Byte Mask-Prog. ROM, 256-Byte RAM 


C, Si 


5±10% 


30 


1 


8 


64P4B/72P6 


2-134 


M50747H-XXXSP/FP 


8K-Byte Mask-Prog. ROM, 256-Byte RAM 


C, Si 


5±5% 


45 


0.67 


12 


64P4B/72P6 


2-164 


M50752-XXXSP 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
High voltage port, CR oscillation type 


C, Si 


5±10% 


15 


2 


4 


52P4B 


2-175 


M50753-XXXSP/FP 


6K-Byte Mask-Prog. ROM, 96-Byte RAM, 
8-bit A-D converter 


C, Si 


5±10% 


15 


2 


4 


64P4B/60P6 


2-199 


M50754-XXXSP/FP/GP 


6K-Byte Mask-Prog. ROM, 160-Byte RAM, 
PWM, High voltage port, Serial I/O 


C, Si 


4-5.5 


20 


1.90 


4.2 


64P4B/72P6/ 
64P6W 


2-228 


M50757-XXXSP 


3K-Byte Mask-Prog. ROM, 96-Byte RAM, 
High voltage port, CR oscillation type 


C, Si 


5±10% 


15 


2 


4 


52P4B 


2-175 


M50758-XXXSP 


3K-Byte Mask-Prog. ROM, 96-Byte RAM, 
High voltage port, Ceramic oscillation type 


C, Si 


5±10%. 


15 


2 


4 


52P4B 


2-175 


M50930-XXXFP 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
LCD controller/driver, Serial I/O 


C, Si 


5±10% 


20 


1.86 


4.3 


80P6 


2-265 


M50931-XXXFP 


4K-Byte Mask-Prog. ROM, 512-Byte RAM, 
LCD controller/driver, Serial I/O 


C, Si 


5±10% 


20 


1.86 


4.3 


80P6 


2-265 


M50932-XXXFP 


8K-Byte Mask-Prog. ROM, 512-Byte RAM, 
LCD controller/driver, Serial I/O 


C, Si 


5±10% 


20 


1.86 


4.3 


80P6 


2—265 


M50940-XXXSP/FP 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
8-bit A-D converter, High voltage port, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


2-300 


M50941-XXXSP/FP 


8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
8-bit A-D converter, High voltage port, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


2-300 


M50943-XXXSP/FP 


8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
8-bit A-D converter, Serial I/O 


C, Si 


5±10% 


30 


1 


8 


64P4B/60P6 


2-334 


M50944-XXXSP/FP •• 


12K-Byte Mask-Prog. ROM, 192-Byte RAM, 
8-bit A-D converter, Two serial l/Os 


C, Si 


5±10% 


15 


1.91 


4. 19 


64P4B/64P6S 


2—364 


M50950-XXXSP 


6K-Byte Mask-Prog. ROM, 144-Byte RAM, 
High voltage port, Two serial l/Os 


C, Si 


5±10% 


20 


1.6 


5 


52P4B 


2-400 


M50951-XXXSP 


4K-Byte Mask-Prog. ROM, 144-Byte RAM, 
High voltage port, Two serial l/Os 


C, Si 


5±10% 


20 


1.6 


5 


52P4B 


2—400 


M50954-XXXSP/FP/GP 


8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
PWM, High voltage port, Serial I/O 


C, Si 


4—5.5 


20 


1.90 


4.2 


64P4B/72P6/ 
64P6W 


2-228 


M50955-XXXSP/FP/GP 


10K-Byte Mask-Prog. ROM, 192-Byte RAM, 
PWM, High voltage port, Serial I/O 


C, Si 


4-5.5 


20 


1.90 


4.2 


64P4B/72P6/ 
64P6W 


2—228 


M50957-XXXSP/FP 


10K-Byte Mask-Prog. ROM, 256-Byte RAM, 
PWM, High voltage port, 4-bit comparator, 
Serial I/O 


C, Si 


4-5.5 


20 


1.90 


4/2 


64P4B/72P6 


2—433 


M50959-XXXSP/FP 


16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
PWM, High voltage port, 4-bit comparator 
Serial I/O 


C, Si 


4—5.5 


20 


1.90 


4.2 


64P4B/72P6 


2—433 


M50963-XXXSP/FP 


'10K-Byte Mask-Prog. ROM, 160-Byte RAM, 
8-bit A-D converter, 5-bit D-A converter PWM, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


2-472 


M50964-XXXSP/FP 


6K-Byte Mask-Prog. ROM, 160-Byte RAM, 
8-bit A-D converter, 5-bit D-A converter PWM, 
Serial I/O 


C, Si 


5±10% 


15 


2 


4 


64P4B/72P6 


2—472 
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M37410M3-XXXFP •* 


6K-Byte Mask-Prog. ROM, 192-Byte RAM, 
Serial I/O, A-D converter, LCD controller/driver 


C, Si 


5±10% 


30 


1 


8 


80P6S 


2-503 


M37410M4-XXXFP •• 


8K-Byte Mask-Prog. ROM, 256-Byte RAM 


C, Si 


5±10% 


30 


1 


8 


80P6S 


2-503 


M37415M4-XXXFP •• 


8K-Byte Mask-Prog. ROM, 512-Byte RAM, 
LCD controller/driver, Serial I/O, DTMF generator 


C, Si 


4.5—5.5 


20 ' 


2.5 


3.2 


80P6 


2-534 


M37450M2-XXXSP/FP • 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
8-bit A-D converter, 8-bit D-A converter, UART, 
DBB,<3-Timer, PWM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


2-565 


M37450M4-XXXSP/FP • 


8K-Byte Mask-Prog. ROM, 256-Byte RAM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


2-565 


M37450M8-XXXSP/FP • 


16K-Byte Mask-Prog. ROM, 384-Byte RAM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


2-565 


M50734SP/FP 


External ROM and RAM type, 5-Timer, 8-bit A-D 
converter, Serial I/O 


C, Si 


5±10% 


30 


1 


8 


64P4B/72P6 


2—625 


M50734SP-10 


External ROM and RAM type, 5-Timer, 8-bit A-D 
converter, Serial I/O 


C, Si 


5±10% 


35 


0.8 


10 


64P4B 


2-663 


M37450S1SP/FP • 


External ROM type 128-Byte RAM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


2-608 


M37450S2SP/FP • 


External ROM type 256-Byte RAM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


2-608 


M37450S4SP/FP • 


External ROM type 384-Byte RAM 


C, Si 


5±10% 


30 


0.8 


10 


64P4B/80P6 


2-608 
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■Extended operating temperature version of microcomputers 














M50744T-XXXSP 


• 


4K-Byte Mask-Prog. ROM,144-Byte RAM 
Extended operating temperature version of 
M50744-XXXSP 


C, Si 


5±10% 


15 


2 


4 


. 64P4B 


3-3 


M50747T-XXXSP 


• 


8K-Byte Mask-Prog. ROM,256-Byte RAM 
Extended operating temperature version of 
M50747-XXXSP 


C, Si 


5±10% 


30 


1 


8 


64P4B 


3—7 


M50753T-XXXSP 


• 


6K-Byte Mask-Prog. ROM,96-Byte RAM 
Extended operating temperature version of 
M50753-XXXSP 


C, Si 


5±10% 


15 


2 


4 


64P4B 


3-11 


M50930T-XXXFP 


• 


4K-Byte Mask-Prog. ROM,128-Byte RAM 
Extended operating temperature version of 
M50930-XXXFP 


C, Si 


5±10% 


20 


1.86 


4.3 


80P6 


3-18 



■Piggyback type microcomputers (EPROM mounted type) 
















M50740-PGYS 


Piggyback for M50740/M50741 


c, 


Si , 


5±5% 


- 


2 


4 


52S1M 


4-3 


M50742-PGYS 


Piggyback for M50742/M50708 


C, 


Si 


5±5% 


- 


2 


4 


64S1M 


4-8 


M50743-PGYS 


Piggyback for M50743 


c, 


Si 


5±5% 


— 


1 


8 


64S1M 


4-13 


M50745-PGYS 


Piggyback for M50745 


C, 


Si 


5±5% 


- 


2 


4 


64S1M 


4-18 


M50752-PGYS 


Piggyback for M50757/M50752 


c, 


Si 


5±5% 


- 


2 


4 


52S1M 


4-23 


M50753-PGYS 


Piggyback for M50753 


c, 


Si 


b±S% 


- 


2 


4 


64S1M 


4-28 


M50931-PGYS 


Piggyback for M50930/M50931/M50932 


c, 


Si 


5±5% 


- 


2 


4 


80S6M 


4-34 


M50941-PGYS 


Piggyback for M50940/M50941 


C, 


Si 


5±5% 


- 


2 


4 


64S1M 


4-41 


M50950-PGYS 


Piggyback for M50950/M50951 


c, 


Si 


5±5% 


- 


1.6 


5 


52S1M 


4-48 


M50955-PGYS 


Piggyback for M50754/M50954/M50955 


c, 


Si 


5±5% 


- 


1.9 


4.2 


64S1M 


4-54 


M 50964- PGYS 


Piggyback for M50964/M50963 


c, 


Si 


5±5% 


- 


2 


4 


64S1M 


4-60 


M37450PSS • 


Piggyback for M37450M2/M4/M8-XXXSP 


C, 


Si 


5±5% 


- 


0.8 


10 


64S1M 


4—66 


M37450PFS • 


Piggyback for M37450M2/M4/M8-XXXFP 


c, 


Si 


5±5% 


- 


0.8 


10 


80S6M 


4-72 



■Built-in EPROM 


type microcomputers 
















M50746E-XXXSP/FP 


One time programmable .version of M50746- 
XXXSP/FP 


C, Si 


5±5% 


15 


2 


4 


64P4B/72P6 


5-3 


M50746ES/EFS 


EPROM version of M50746-XXXSP/FP 


C, Si 


5±5% 


15 


2 


4 


64S1 B/72S6 


5-3 


M50747E-XXXSP/FP 


One time programmable version of M50747- 
XXXSP/FP 


C, Si 


5±5% 


30 


1 


8 


64P4B/72P6 


5—18 


M 50747 ES/EFS 


EPROM version of M50747-XXXSP/FP 


C, Si 


5±5% 


30 


1 


8 


64S1 B/72S6 


5—18 


M50944E-XXXSP/FP •• 


One time programmable version of M50944- 
XXXSP/FP 


C, Si 


5±5% 


15 


2 


4 


64P4B/64P6S 


5-32 


M50944ES ** 


EPROM version of M50944-XXXSP 


C, Si 


5±5% 


15 


2 


4 


64S1B 


5-32 


M50957E-XXXSP •• 


One time programmable version of M50957- 
XXXSP 


C, Si 


5±5% 


20 


1.9 


4.2 


64P4B 


5-47 


M50957ES •• 


EPROM version of M50957-XXXSP 


C, Si 


5±5% 


20 


1.9 


4.2 


64S1B 


5-47 


M50963E-XXXSP/FP 


One time programmable version of M50963- 
XXXSP 


C, Si 


5±5% 


15 


2 


4 


64P4B/72P6 


5-57 


M50963ES/EFS 


EPROM version of M50963-XXXSP/FP 


C, Si 


5±5% 


15 


2 


4 


64S1B/72P6 


5-57 


M37410E6-XXXFP •* 


One time programmable version of 
M37410M4-XXXFP 


C, Si 


5±5% 


30 


1 


8 


80P6S 


5-72 


M37450E4-XXXSP/FP • 


One time programmable version of 
M37450M4-XXXSP/FP 


C, Si 


5±5% 


30 


0.8 


10 


64P4B/80P6 


5—81 


M37450E4SS/FS • 


EPROM version of M37450M4-XXXSP/FP 


C, Si 


5±5% 


30 


0.8 


10 


64S1 B/80S6 


5-81 



* : New product •• : Under development 
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■Series MELPS 


B-48 8-bit microcomputer 
















M5L8048-XXXP 


1K-Byte Mask-Prog. ROM, 64-Byte RAM 


N.Si.ED 


b±^0% 


325 


2.5 


6 


40P4 


Note 2 


M5L8035LP 


External ROM type, 64-Byte RAM 


N.Si.ED 


5±W% 


325 


2.5 


6 


40P4 


Note 2 


M5L8049-XXXP . 
M5L8049-XXXP-6 


2K-Byte Mask-Prog. ROM, 128-Byte RAM 


N.Si.ED 


5±10% 


500 


1.36 


11 


40 P4 


Note 2 


500 


2.5 


6 


M5L8039P-11 
M5L8039P-6 


External ROM type, 128-Byte RAM 


N.Si.ED 


5±10% 


500 


1.36 


11 


40P4 


Note 2 


500 


2.5 


6 


M5L8049H1-XXXP 


2K-Byte Mask-Prog. ROM, 128-Byte RAM 


N,Si,ED 


5±10% 


350 


1.07 


14 


40 P4 


Note 2 


M5L8039HLP-14 


External ROM type, 128-Byte RAM 


N.Si.ED 


5±10% 


35Q 


1.07 


14 


40P4 


Note 2 


M5M80C49A-XXXP 
M5M80C49H-XXXP 


2K-Byte Mask-Prog. ROM, 128-Byte RAM 


C.Si 


5±10% 


25 


1.36 


11 


40P4 


Note 2 


M5M80C39AP 
M5M80C39HP 


External ROM type, 128-Byte RAM 


C,Si 


5±10% 


25 


1.36 


11 


40P4 


Note 2 


M5MC49A-XXXFP 
M5MC49H-XXXFP 


2K-Byte Mask-Prog. ROM, 128-Byte RAM 


C.Si 


5±10% 


25 


1.36 


11 


42P6 


Note 2 


M5M8050H-XXXP 


4K-Byte Mask-Prog. ROM, 256-Byte RAM 


N.Si.ED 


5±10% 


350 


1.36 


11 


40 P4 


Note 2 


M5M8040HP 


External ROM type, 256-Byte RAM 


N.Si.ED 


5±10% 


350 


1.36 


11 


40 P4 


Note 2 


M5M8050L-XXXP 


4K-Byte Mask-Prog. ROM, 256-Byte RAM 


N.Si.ED 


5±10% 


250 


2.5 


6 


40P4 


Note 2 


M5M8040LP 


External ROM type, 256-Byte RAM 


N.Si.ED 


5±10% 


250 


2.5 


6 


40 P4 


Note 2 



ISeries MELPS 8-41 8-bit microcomputer 



M5L8041A-XXXP 


Universal peripheral interface 

1K-Byte Mask-Prog. ROM, 64-Byte RAM 


N.Si.ED 


5±10%, 


300 


2.5 


6 


40 P4 


Note 2 


M5L8041AH-XXXP 


Universal peripheral interface 

1 K-Byte Mask-Prog. ROM, 64-Byte RAM 


N.Si.ED 


5±10% 


450 


1.25 


12 


40P4 


Note 2 


M5L8042-XXXP 


Universal peripheral interface 

2K-Byte Mask-Prog. ROM, 128-Byte RAM 


N.Si.ED 


5±10% 


450 


1.25 


12 


40P4 


Note 2 



ILSIs for pheripheral circuit 



M50790SP 


I/O Expander(CE = low active) 


C.AI 


4—14 


- 


- 


- 


52P4B 


Note 3 


M50791SP 


I/O Expander(CE — low active) 


C.AI 


4—11 


- 


- 


- 


52P4B 


Note 3 


M5L8243P 


I/O Expander 


N.Si.ED 


5±10% 


- 


- 


- 


24P4 


Note 2 


M5M82C43P 


I/O Expander 


C.Si 


5±10% 


- 


- 


- - 


24P4 


Note 2 


M5M82C43FP 


I/O Expander 


C.Si 


5±10% 


- 


- 


- 


24P2W 


Note 2 



Note 1. AI=Aluminum gate. C=CMOS. ED=Enhancement depletion mode. N=N-channel. Si=Silicon gate 
Note 2 . Refor to 1987 MITSUBISHI SEMICONDUCTORS SINGLE-CHIP 8-BIT MICROCOMPUTERS Vol. 2. 
Note 3 . Refor to 1986 MITSUBISHI SEMICONDUCTORS SINGLE-CHIP 8-BIT MICROCOMPUTERS. 
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DEVELOPMENT SUPPORT SYSTEMS 



Development support systems 



Type 


Development support systems 


Host machine 


Assembler 


Debugging machine 


Evaluation board 
or piggyback 


Main unit 


Option board 


Software 


CMOS 
8-bit 
Series 
MELPS 740 


M50740A-XXXSP/FP 

M50741-XXXSP/FP 

M50740ASP 


16-bit 
personal 
computer 
(MS-DOS) 
(Note 2) 


ASM745 

RASM745 

SAMS745* 


PC4000E 


PCA4040 


SDT745 


M50740-PGYS 


M50742-XXXSP/FP 
M50708-XXXSP/FP 


PCA4042 


M50742-PGYS 


M50743-XXXSP/FP 


PCA4043 


M50743-PGYS 


PAC4043R 


RTT745 


M50744-XXXSP/FP 

M50744T-XXXSP 

M50746-XXXSP/FP 

M50746E-XXXSP/FP 

M50746ES/EFS 


PCA4044G02 


SDT745 


M50746E-XXXSP/FP 

(Notel ) 
M50746ES/EFS 


PCA4044RG02 


RTT745 


M50745-XXXSP/FP 


PCA4045 


SDT745 


M50745-PGYS 


PCA4045R 


RTT745 


M50747-XXXSP/FP 

M50747H-XXXSP/FP 

M50747T-XXXSP 

M50747E-XXXSP/FP 

M50747ES/EFS 


PCA4047G02 
PCA4047XG02* 


SDT745 


M50747E-XXXSP/FP 

(Notel ) 
M50747ES/EFS 


PCA4047RG02* 
PCA4047XRG02* 


RTT745 


M50752-XXXSP 
M50757-XXXSP 
M50758-XXXSP 


PCA4057 


SDT745 


M50752-PGYS 


M50753-XXXSP/FP 
M50753T-XXXSP 


PCA4053 


M50753-PGYS 

(Notel ) 


M50754-XXXSP/FP/GP 
M50954-XXXSP/FP/GP 
M50955-XXXSP/FP/GP 


PCA4054G02 


M50955-PGYS 

M50957E-XXXSP/FP 

M50957ES 


PCA4054RG02 


RTT745 


M50957-XXXSP/FP 
M50957E-XXXSP 
M50957ES 
M50959-XXXSP/FP 


PCA4054RG02 
(Reconstruct by order) 


SDT745 


PCA4054RG02 
(Reconstruct by order) 


RTT745 


M50930-XXXFP 
M50930T-XXXFP 
M50931-XXXFP 
M50932-XXXFP 


PCA4093 


SDT745 


M50931-PGYS 

(Notel ) 


PCA4093R 


RTT745 


M50940-XXXSP/FP 
M50941-XXXSP/FP 


PCA4094 


SDT745 


M50941-PGYS 


PCA4094R 


RTT745 


M50943-XXXSP/FP 


PCA4033 


SDT745 


PCA4333G02* 


M50944-XXXSP/FP 
M50944E-XXXSP/FP 


PCA7044** 


M50944E-XXXSP/FP** 
M50944ES** 


M50950-XXXSP 
M50951-XXXSP 


PCA4095 


M50950-PGYS 


M50964-XXXSP/FP 
M50963-XXXSP/FP 
M50963E-XXXSP/FP 
M50963ES/EFS 


PCA4064* 


M50963E-XXXSP/FP 

M50963ES/EFS 

M50964PGYS 


PCA4064R* 


RTT745 


M37410M3-XXXFP 
M37410M4-XXXFP 
M37410E6-XXXFP 


M37410T-OPT** 


SDT745 


M37410E6-XXXFP** 


M37415M4-XXXFP 


ivi374i5T-OPT*" ! ' r 


- 


M37450M2-XXXSP/FP 

M37450M4-XXXSP/FP 

M37450M8-XXXSP/FP 

M37450S1SP/FP 

M37450S2SP/FP 

M37450S4SP/FP 

M37450E4-XXXSP/FP 

M37450E4SS/FS 


M37450T-OPT* 
M37450TX-OPT* 


M37450PSS/FS 

M37450E4-XXXSP/FP 

M37450E4SS/FS 


M37450T-RTT* 
M37450TX-RTT* 


RTT745 


M50734SP/FP 
M50734SP-10 


PCA4034G02* 


SDT745 


- 


PCA4034RG02* 


RTT745 



* : Evaluation board *New product ^rfc-Under development 

(Note 1 ) Notes on the operation temperature range when used for extended operating temperature version. 

(Note 2) MS-DOS® is a registered trade-mark of Microsoft 3 Inc. 
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DEVELOPMENT SUPPORT SYSTEMS 



Program writing adapter for EPROM version 



MELPS 740 EPROM version 
microcomputers 


Program writing adapter 
for EPROM version 


M50746E-XXXSP 


PCA4700G02 


M50746ES 


M50747E-XXXSP 


M50747ES 


M50963E-XXXSP 


M50963ES 


M50746E-XXXFP 


PCA4701G02 


M50746EFS 


M50747E-XXXFP 


M50747EFS 


M50963E-XXXFP 


M50963EFS 


M50944E-XXXFP 


PCA4714* 


M 50957 E-XXXSP 


PCA4703 


M50957ES 


M37450E4-XXXSP 


PCA4710 


M37450E4SS 


M37450E4-XXXFP 


PCA4711 


M37450E4FS 


M37410E6-XXXFP 


PCA4705* 



: New product 
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ORDERING INFORMATION 



FUNCTION CODE 

Mitsubisi integrated circuits may be ordered using the following simplified alphanumeric type-codes which define the func- 
tion of the IC/LSIs and the package style. 



1. Mitsubishi Original Producs 
Example 1. M 5 07 40-001 SP 



- M : Mitsubishi integrated prefix 

-Temperature range 
5 : Standard industrial/commercial 

(0 to 70/75°C or -20 to 85°C ) 
9 : High reliability 



Series designation using 1 or 2 alphanumeric chracters 


01-09 


: cmos 


1 


'. Linear circuit 


3 


: TTL 


10-19 


'. Linear circuit 


32-33 


: TTL 


41-47 


: TTL (the others) 


81 


'. P-channel aluminum-gate MOS 


84 


: cmos 


85 


'. P-channel silicon-gate MOS 


86 


'. P-channel aluminum-gate MOS 


87 


' N-channel silicon-gate MOS 


88 


'. P-channel aluminum-gate ED-MOS 


89 


: cmos 


9 


: DTL 


S0-S2 


: Schottky TTL 



■ Circuit function identification code using 2 digits. 
A character next to 2-digit alphanumeric characters, "T", is represented 
using for automobile/industrial 

-Mask ROM number. 



Package 


i style 


K 


: Glass-sealed ceramic flat package 


P 


'. Molded plastic 


FP 


i Molded plastic flat package 


GP 


: Molded plastic flat package 


SP 


'. Molded plastic shrink package 


s 


'. Metal-sealed ceramic 



— Electrical characteristic identification code using 1 or 2 digits. 
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MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 



Example 2 M 3 74 50 E 4 - 001 SP 



-M : Mitsubishi integrated prefix 

-3 : Represent an original single-chip microcomputer 

-Series designation using 2 alphanumeric chracters 

-Circuit function identification code using 2 digits 

-Memory identification code using a digit 
E : EPROM 
M ! Mask ROM 
N : Mask ROM+EEPROM 
P : Piggyback 
S : External ROM 

-Memory size identification code using a digit 

-Normally, using hyphen. 

When electrical characteristic, or division of quality identification 
code using alphanumeric character. 
T : For automobile/industrial 

-Mask ROM number 



-Package style 



J 

K 

P 

FP 

FS 

GP 

SP 

S 

SS 



PLCC, or SOJ package 
Glass-sealed ceramic flat package 
Molded plastic DIP 
Molded plastic flat package 
Ceramic flat package 
Molded plastic flat package 
Molded plastic shrink package 
Ceramic (layered type) package 
Ceramic shrink package 
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ORDERING INFORMATION 



2. PACKAGE CODE 

Package style may be specified by using the following simplified alphanumeric code. 



Example : 42 P 4 B 



-Number of pins 

-Package structure 
K '. Glass-sealed ceramic 
P : Molded plastic 

5 : Metal-sealed ceramic 

-Package outline 

1 : DIP 

2 : SOP 
4 : DIP 

6 : QFP 

-Secondary outline code 
Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. 
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PACKAGE OUTLINES 



TYPE 24P2W 24-PIN MOLDED PLASTIC SOP 



Dimension in mm 



illl 



o 



m 



1.27±0. 2 ' 



o 



0. 4±0. 1 



waij^nnnniTifc: 



15±0.2 



+1 

-*■ ID 



J. 



cr—) 



0. 5±0. 2 



\ 



11.93±0. 3 



o o 

+ I 



TYPE 24P4 24-PIN MOLDED PLASTIC DIP 



Dimension in mm 



, + 0.5 



nnnnnnnnnnnn 



JO 



o 



uuuuuuuuuuuu 

© , ® 



15.24 + 0.3 




2.54 + 0.25 



5.5MAX 
2'.8MIN 



O + 0.3 



/ \ L - J ? \ I 



(ft 



7 +0.07 
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PACKAGE OUTLINES 



TYPE 40P4 40-PIN MOLDED PLASTIC DIP 



51 5 * ° 5 




® iv 
nnnnnnnnnnnnnnnnnnnn 




}o 


t 

O 

n 



uuuuuuuuuuuuuuuuuuuu 

© @; 




— 1- 

0.5MIN ^ 



Dimension in mm 





15.24 ♦ 


0.3 




/ 






\ 


\""i 




1 V 


; 




y\ 


.25^ 


1 
05 


15.2 - 


17 



TYPE 42P6 42-PIN MOLDED PLASTIC QFP 











— n ifi) 2 

— 1 1 i ° 
— u 1 


1 


— n 1 

(^_J 1 1 1 ® 


d 

+1 

I °° 

o 




■ 





© 



==4?< 

9.2±0.2 J ' ' f £ 



1.5+0.2 



14.4±0.3 



o o 

+1 +1 



V.7±0.2 



Dimension in mm 



b ^nDDOPDQDPDP 



K 



10+0.2 



14.8±0.3 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



TYPE 50P6 50-PIN MOLDED PLASTIC FLAT 




^OOOOOQQOOODDOQrV 



12.4±0.2 



18±0.3 



1.5±0.2 o 

! +l 



Dimension in mm 



^q 



10±0.2 




1.5±0.2 



15.6±0.3 



TYPE 52P4B 52-PIN MOLDED PLASTIC DIPfLEAD PITCH 1.778mm) Dimension in mm 



45.85 



nnnnnnnnnnnnnnnnnnnnpniLJiD, 



J o 



o 



UUUUUUUUUUUUUUUUUUUuuuuuulT 



© 



|6) 




/ \ l - J / > 



v i \ r 

+ 0.07 
-0.05 



0.27 _ 
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PACKAGE OUTLINES 



TYPE 52S1M 52-PIN PIGGYBACK DIP 







50.8 






© 




@ 


) 


© ®@® ®@© ©©©©© ©© 


J u u ' 








©©©©( 

ttj-ctu U U U ET 


§)©©©©© 

crci u u u u u u 


©@©@ 
J u u u u u 



® 



-ffFfRffffffRffffffRff 



2.54 

H 



1.778 



0.46 



+0.10 0.9±0.1 
-0.10 



Dimension in mm 



15.24 



0.25 



+0.10 
-0.05 



TYPE 60P6 60-PIN MOLDED PLASTIC QFP 





® 


<s> 


- 










® 


Jo 




® 


+1 
T 
O 






M 

o 

+1 

00 

d 




oi 


-* ' . /i 

I ) 
1 I 
J 1 








LD 
O 


(D D D D u u D L 


JuuDDDU® ^ 

o 



1.3+0.2 I 



13.2 + 0.2 




o o 

+ I I 



D^DDDaDDDaDoEHi - 



18+0.3 



Dimension in mm 



13.2+0.3 



2 



DDDDDODDDDDDDDDrL- 



1.3+0.2 



18+0.3 



MITSUBISHI 
k ELECTRIC 



1-15 



MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



TYPE 64P4B 64-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm) Di 



mension in mm 



56.4 



+ 0.5 
-0.2 



innnnnnnnnnnnnnnnnnnnnnnnnnnnnnn_ 



o 



o 



JUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUlf 

(D ■ © 



19.05±0.3 




17.0±0.15 



/ \ U - J / >l 



^ / V H 



19—22 



TYPE 64P6S 64-PIN MOLDED PLASTIC QFP 

14±0.2 



Dimension in mm 




+ M 



J 


\ 


L 


A 


tan 






nnnnnnnr 


a 




12.8±0.3 
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PACKAGE OUTLINES 



TYPE 64P6W 64-PIN MOLDED PLASTIC QFP 



.© 



«— o 
o o 



o 



Q 



o 



® 



20.0±0. 15 



Dimension in mm 



iJUinnnnnnnnnnnnnnnnrK 

25. 2±0. 3 H 



14.0±0. 15 



_=/ 



/-(innnjriJTinnjTuinx. 



2.6Nom 



19.2 + 0.3 



TYPE 64S1B 64-PIN CERAMIC DIP 



INDEX 





58.5MAX 






v 64 




33 










n 


r ^ 


) 


O 




< 

IT) 

ld 

CD 


.V_^_ 


^ J 




Y 






Dimension in mm 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 



TYPE 64S1M 64-PIN PIGGYBACK DIP 



® 




58.0±0.6 




® 


) 

V 


@§@@@@§g@g 


§§§§ 




. 




I §@§§ 


@@@@@@ 



CD 



2.54+0.25 



flffiflffflflflflflflflflfl'iT 



$ 




! I 1.778±0.25 



0.9 



+0.3 
-0.1. 



"I^z* 



0.46±0.1 ™ 



Dimension in mm 



15.24±0.3 

fi & 



_ 25 +0.07 
Um/L -0.05 

19.05±0.3 



TYPE 72P6 72-PIN MOLDED PLASTIC QFP 



+li 



+l 



OO I 

+ J 



o 



o 



o 



® 



DDDODOODODDDDDDDODDQD^ _ , CJ _ n „ 

18+0.2 Jj_ 1-5+0.2 



23.6+0.3 



Dimension in mm 



^gUlDQDDQQDDDDQDDD 



+1 



+1 



13.2+0.2 



1.5+0.2 



18.8+0.3 



1-1E 
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PACKAGE OUTLINES 



TYPE 72S6 72-PIN MOLDED CERAMIC QFP 



23. 6±0. 2 




Dimension in mm 



oo 

+ 1 



TYPE 80P6 80-PIN MOLDED PLASTIC QFP 




Dimension in mm 







/ \ 




_/" 


tlMMOTflMflflP 


A 


.3±0.2 




14+0.2 


i 

in 

°. 

o ,_ 








19.2±0.3 
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PACKAGE OUTLINES 



TYPE 80P6S 80-PIN MOLDED PLASTIC QFP 

14±0.2 



o 



o 



(D 

0.65±0. 15 



0. 6+0. 2 



© i 



o 



I ® 



@ 



. 0.3±0.1 




— \nJ °- 15 

16.8±0.3 



A + I 



Dimension in mm 



M 


\ 


A 


MMM.'MEMX 




16.8±0.3 



TYPE 80S6 80-PIN MOLDED CERAMIC QFP 



25. 2±0. 2 



08.89 



20. 0±0. 2 




© 






f _.. 



0. 80±0. 2 



ii 



Dimension in mm 
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PACKAGE OUTLINES 



TYPE 80S6M 80-PIN PIGGYBACK QFP 



18.4 



Index on the package ' , ( 
Index on the socket ' 




22.3 



25.2 



m 



© 



. i i 



1.27 



JuUumut-ju^^ 



10.16 



Dimension in mm 



ht 






ajasEpgrt 



L .-L12JLH27 



-^ 



MITSUBISHI 
l ELECTRIC 



1-21 



MITSUBISHI MICROCOMPUTERS 

LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 



1. INTRODUCTION 

A system of letter symbols to be used to represent the 
dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro- 
computers, microprocessors and LSIs for peripheral 
circuits has been discussed internationally in the TC47 
of the International Electrotechnical Committee (IEC). 
Finally the IEC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a international standard. 

The system is applied in this LSI data book for the 
new products only. Future editions of this data book 
will be applied this system. The IEC document which 
describes "Letter symbols for dynamic parameters of 
sequential integrated circuits, including memories" is 
introduced below. In this data book, the dynamic para- 
meters in the IEC document are applied to timing 
requirements and switching characteristics. 



Subscript D indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 
the beginning of the time interval, the 
value of the time interval is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal 
represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 

Note 1 : Subscripts A to F may each consists of one or more letters. 
2: Subscripts D and E are not used for transition times. 
3: The "-" in the symbol (1 ) above is used to indicate "to"; hence the sym- 
bol represents the time interval from signal event B occuring to signal 
event D occuring, and it is important to note that this convention is used 
for all dynamic parameters including hold times. Where no misunder- 
standing can occur the hyphen may be omitted. 



2. LETTER SYMBOLS 

The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits, including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity is likely 
to arise. 

2.1. General Form 



The dynamic 
symbol of the 

t A (BC 
where : 
Subscript A 



parameters are represented by the general 
form:- 



DC)F 



(1) 



ndicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. 

Subscript B indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 
stitutes a signal event assumed to occur 
first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time interval, 
the value of the time interval is negative. 

Subscript C indicates the direction of the transition 
and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level is also indi- 
cated. 



2.2. Abbreviated Form 

The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 
to : 

tA(B-D) 

*A(B) 

tA(D) — often used for hold times 

tAF — no brackets are used in this case 

t A 

^BC-DE — often used for unclassified time 
intervals 



or 
or 
or 
or 
or 



2.3. Allocation of Subscripts 

In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less commonly used are designated 
by up to three letters. As far as possible, some form of 
mnemonic representation is used. Longer letter symbols 
may be used for specialised signals or terminals if this 
aids understanding. 

3. SUBSCRIPT A 

(For Type of Dynamic Parameter 

The subscript A represents the type of dynamic para- 
meter to be designated by the symbol and, for memo- 
ries, the parameters may be divided into two classes : 
a) those that are timing requirements for the memory 
and 
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b) those that are characteristics of the memory. 
The letter symbols so far proposed for memory circuits 
are listed in sub-clauses 3.1 and 3.2 below. 
All subscripts A should be in lower-case. 

3.1. Timing Requirements 

The letter symbols for the timing requirements of semi- 
conductor memories are as follows : 

Term Subscript 

Cycle time c 

Time interval between two signal events d 

Fall time f 

Hold time h 

Precharging time pc 

Rise time r 

Recovery time rec 

Refresh time interval rf 

Setup time su 

Transition time t 

Pulse duration (width) w 

3.2. Characteristics 

The letter symbols for the dynamic characteristics of 
semiconductor memories are as follows : 

Characteristic Subscript 

Access time a 

Disable time dis 

Enable time en 

Propagation time P 

Recovery time rec 

Transition time T 

Valid time v 

Note: Recovery time for use as a characteristic is limited to sense recovery time. 

4. SUBSCRIPTS B AND D 

(For Signal Name or Terminal Name) 

The letter symbols for the signal name or the name of 

the terminal are as given below. 

All subscripts B and D should be in upper-case. 



Signal or terminal 

Address 

Clock 

Column address 

Column address strobe 

Data input 

Data input/output 

Chip enable 



Subscript 

A 

C 

CA 

CAS 

D 

DQ 

E 



Erasure 

Output enable 

Program 

Data output 

Read 

Row address 

Row address strobe 

Refresh 

Read/Write 

Chip select 

Write (write enable) 



ER 

G 

PR 

Q 

R 

RA 

RAS 

RF 

RW 

S 

w 



Note 1. In the letter symbols for time intervals, bars over the subscripts, for ex- 
ample CAS, should not be used. 

2: It should be noted, when further letter symbols are chosen, that the sub- 
script should not end with H, K, V, X, or Z. (See clause 5) 

3: If the same terminal, or signal, can be used for two functions (for example 
Data input/output, Read/Write) the waveform should be labelled with the 
dual function, if appropriate, but the symbols for the dynamic parameters 
should include only that part of the subscript relevant to the parameter. 

5. SUBSCRIPTS C AND E 
(For Transition of Signal) 

The following symbols are used to represent the level or 
state of a signal : 

Transition of signal 



High logic level 

Low logic level 

Valid steady-state level (either low or high) 

Unknown, changing, or 'don't care' level 

High-impedance state of three-state output 



Subscript 

H 
L 
V 
X 

Z 



The direction of transition is expressed by two letters, 
the direction being from the state represented by the 
first letter to that represented by the second letter, with 
the letters being as given above. 

When no misunderstanding can occur, the first letter 
may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 
All subscripts C and E should be in upper-case. 

Subscript 

Examples Full Abbreviated 

Transition from high level to 

low level HL L 

Transition from low level to 

high level , LH H 

Transition from unknown or 

changing state to valid state XV V 

Transition from valid state to 

unknown or changing state VX X 

Transition from high-impedance 

state to valid state ZV V 

Note: Since subscripts C and E may be abbreviated, and since subscripts B and D 
may contain an indeterminate number of, letters, it is necessary to put the 
restriction on the subscripts B and D that they should not end with H, L, 
V, X, or Z, so as to avoid possible confusion. 
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6. SUBSCRIPT F (For Additional Information) 

If necessary, subscript F is used to represent any addi- 
tional qualification of the parameter such as mode of 
operation, test conditions, etc. The letter symbols for 
subscript F are given below. 
Subscript F should be in upper-case. 



Modes of operation 


Subscript 


Power-down 


PD 


Page-mode read 


PGR 


Page-mode write 


PGW 


Read 


R 


Refresh 


RF 


Read-modify-write 


RMW 


Read-write 


RW 


Write 


W 
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FOR DIGITAL INTEGRATED CIRCUITS 



New symbol 


Former symbo 


Parameter — definition 


c, 




Input capacitance 




Co 




Output capacitance 




C,/o 




Input/output terminal capacitance 




CiU>" 

f 




Input capacitance of clock input 
Frequency 




f (^) 




Clock frequency 




1 




Current — the current into an integrated circuit terminal is defined as a positive value and the current out of a terrr 


inal is defined as a negative value 


Ibb 




Supply current from V^q 




Ibb(av) 




Average supply current from Vgg 




Ice 




Supply current from Vcc 




'CC(AV) 




Avarage supply current from Vcc 




ICC(PD) 




Power-down supply current from Vcc 




Idd 




Supply current from V DD , 




'dd(av) 




Average supply current from V DD . 




Igg 




Supply current from \Zqq 




Igg(av) 

It 




Average supply current from Vqg 
Input current 




llH 




High-level input current— the value of the input current when Vqh is applied to the input considered 




IlL 




Low-level input current— the value of the input current when Vql is applied to the input considered 




Iload 




Built-in resistor current 




IpEAK 




Peak current 




'OH 




High-level output current-the value of the output current when Vqh 'S applied to the output considered 




IQL 




Low-level output current— the value of the output current when Vql is applied to the output considered 




loz 




Off-state (high-impedance state) output current-the current into an output having a three-state capability with ir 
it will establish according to the product specification, the off (high-impedance) state at the output 


iput condition so applied that 


IOZH 




Off-state (high-impedance state) output current, with high-level voltage applied to the output 




IOZL 




Off-state (high-impedance state) output current, with low-level. voltage applied to the output 




los 




Short-circuit output current 




iss 




Supply current from Vgs 


' 


Pd 




Power dissipation 




New 




Number of erase/write cycles 




Nra 




Number of read access unrefreshed 




R, 




Input resistance 




Rl 




External load resistance 




Roff 




Off-state output resistance 




Ron 




On-state output resistance 




ta 




Access time— the time interval between the application of a specified input pulse during a read cycle and the availab' 


ity of valid data signal at an output 


*a(A) 


ta(AD) 


Address access time-the time interval between the application of an address input pulse and the availability of valid data signals at an output 


ta(CAS) 




Column address strobe access time 


' 


l a(E) 


ta(CE) 


Chip enable access time 




l a(G) 


ta(OE) 


Output enable access time 




l a(PR) 




Data access time after program 




ta(RAS) . 




Row address strobe access time 




^(S) 


ta(cs) 


Chip select access time 




tc 




Cycle time 




*CR 


tc(RD) 


Read cycle time-the time interval between the start of a read cylce and the start of the next cycle 




tcRF 


tc(REF) 


Refresh cycle time— the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 


tcPG 


tc(PG) 


Page-mode cycle time 
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New symbol Former symbol 



Parameter— definition 



tcRMW 
CW 

d- 

: d(<6) 

d(CAS-RAS) 

d(CAS-W) 

d(RAS-CAS) 

d(RAS-W) 

dlS(R-O) 

dis(s) 
dis(w) 

DHL 
DLH 

en(A-Q) 

en(R-Q) 

en(s-o) 

f 

h 

h(A) 

h(A-E) 

h(A-PR) 

h(CAS-CA) 

h(CAS-D) 

h(CAS-Q) 

h(CAS-RAS) 

h(CAS-W) 

h(D) 

h(D-PR) 

h(E) 

h(E-D) 

h(E-G) 

h(R) 

h(RAS-CA) 

h(RAS-CAS) 

h(RAS-D) 

h(RAS-W) 

h(S) 

h(w) 

h(W-CAS) 

h(W-D) 

h(W-RAS) 

PHL 

PLH 

r 

rec(w) 

rec(PD) 



tsu(A) 



tc(RMR) 



td(CAS WR) 

d(RAS-WR) 
dlS(R-DA) 
PXZ(CS) 
PXZ(WR) 



PZV(A-DQ) 
PZV(R-DQ) 
PZX(CS-DQ) 



h(AD) 

h(AD-CE) 

h(AD-PRO) 

h(CAS-DA) 

h(CAS-OUT) 

h(CAS-WR) 

h(DA) 

h(DA-PRO) 

h(CE) 

h(CE-DA) 
h(CE-OE) 
h(RD) 



h(RAS-DA) 

h(RAS-WR) 

h(CS) 

h(WR) 

h(WR-CAS) 

h(WR-DA) 

h(WR-RAS) 



twr 
tR(PD) 



tsu(AD) 



the time interval between specified reference points on the' input and on the output pulses, when the output is 
going to the low (high) level and when the device is driven with a specified loading networks. 



Read-modify-write cycle time— the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of 

the next cycle 

Write cycle time— the time interval between the start of a write cycle and the start of the next cycle 

Delay time— the time between the specified reference points on two pulses 

Delay time between clock pulses-e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 

Delay time, column address. strobe to row address strobe 

Delay time, column address strobe to write 

Delay time, row address strobe to' column address strobe • , 

Delay time, row address strobe to write 

Output disable time after read 

Output disable time after chip select 

Output disable time after write 

High-level to low-level delay time 

Low-level to high-level delay time 

Output enable time after address 

Output enable time after read 

Output enable time after chip select 

Fall time 

Hold time-the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal 

Address hold time 

Chip enable hold time, after address 

Program hold time after address 

Column address hold time after column address strobe 

Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 

Write hold time after column address strobe 

Data-in hold time 

Program hold time after data-in 

Chip enable hold time 

Data-in hold time after chip enable 

Output enable hold time after chip enable 

Read hold time 

Column address hold time after row address strobe 

Column address strobe hold time after row address strobe ' - 

Data-in hold time after row address strobe 

Write hold time after row^ddress strobe 

Chip select hold time 

Write hold time 

Column address strobe hold time after write 

Data-in hold time after write 

Row address hold time after write 

High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the 

> output is going to the low (high) level and when the device is driven and loaded by typical devices 
Low-level to high-level propagation time I f stated type 

Rise time 

Write recovery time-the time interval between the termination of a write pulse and the initiation of a new cycle 

Power-down recovery time 

Setup time-the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active 

- tarnsition at another specified input terminal 

Address setup time 
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New symbol 


Former symbol 


Parameter-definition 


tsu(A-E) 


tsu(AD-CE) 


Chip enable setup time before address 




tsu(A-W) 


tsU(AD-WR) 


Write setup time before address 




tsu(CA-RAS) 




Row address strobe setup time before column address 




tsu(D) 


tsu(DA) 


Data-in setup time 




tsu(D-E) 


tsu(DA-CE) 


Chip enable setup time before data-in 




t SU(D-W) 


tsil(DA-WR N 


Write setup time before data-in 




Uu(E) 


tsu(CE) 


Chip enable setup time 




tsu(E-P-) 


tsu(CE-P) 


Precharge setup time before chip enable 




Uu(G-E) 


tsu(OE-CE) 


Chip enable setup time before output enable 




tsu(P-E) 


t SU(P-CE) 


Chip enable setup time before precharge 




tsu(PD) 




Power-down setup time 




tsu(R) 


t SU(RD) 


Read setup time 




tsu(R-CAS) 


tsu (RA-CAS) 


Column address strobe setup time before read 




tsu (RA-CAS) 




Column address strobe setup time before row address 




l SU(S) 


tsu(CS) 


Chip select setup time 




tsu(s-w) 


t SU(CS-WR) 


Write setup time before chip select 




tsu(w) 


tsU(WR) 


Write setup time 




tTHL 
tTLH 




High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output is 

> going to the low (high) level and when a specified input signal is applied through a specified network and 
Low-level- to high-level transition time the output is loaded by another specified network 


tv(A) 


*dv(AD) 


Data valid time after address 




l V(E) 


tdV(CE) 


Data valid time after chip enable 




tv(E)PR 


*V(CE)PR 


Data valid time after chip enable in program mode 




l V(G) 


*V(OE) 


Data valid time after output enable 




W(PR) 




Data valid time after program 




tv(s) 


tv(CS) 


Data valid time after chip select 




t w 




Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 




l W(E) 


twCCE) 


Chip enable pulse width 




*W(EH) 


t W(CEH)_ 


Chip enable high pulse width 




l W(EL) 


tw(EL) 


Chip enable low pulse width 




tw(PR) 




Program pulse width 




*W(R) 


l W(RD) 


Read pulse width 




X VJ(S) 


tw(CS) 


Chip select pulse width 




*W(W) 


tw(WR) 


Wrtie pulse width 




l W(0) 




Clock pulse width 




Ta 




Ambient temperature 




Topr 




Operating temperature 




Tstg 




Storage temperature 




Vbb 




V BB supply voltage 




v C c 




Vcc supply voltage 




Vdd 




V DD supply voltage 




Vgg 




V GG supply voltage 




V, 




Input voltage 




V| H 




High-level input voltage-the value of the permitted high-state voltage at the input 




Vil 




Low-level input voltage-the value of the permitted low-state voltage at the input 




v 




Output voltage 




V H 




High-level output voltage— the value of the guaranteed high-state voltage range at the output 




Vol 




Low-level output voltage— the value of the guaranteed low-state voltage range at the output 




Vss 




V ss supply voltage 





Note 1 . These letter symbols are based on the IEC publication 148 except a part of them. 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy "Quality First", and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and ( examples of 
reliability control for Mitsubishi Single-chip 8-bit Micro- 
computer. 

2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Fig. 1. 

2.1 Quality Assurance in Designing 

The following steps are applied in the designing stage for a 
new product. 

(1) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
lure mechanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery and etc. 

2.2 Quality Assurance in Manufacturing 

Quality assurance in manufacturing is performed as follows. 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 
manufacturing equipments, automatic testing equip- 
ments, and measuring instruments. 



(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 

-Electrical characteristics and visual inspection, lot by 
lot sampling 
v -Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 

2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages in new product develop- 
ment, pre-production and mass-production. 
At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 
After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 



Table 1 



TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 



Group 


Test 


Test condition 


1 


Solderability 


230°C, 5sec. Rosin flux 


2 - 


Soldering heat 


260°C, 10sec. 


Thermal shock 


— 55°C, 125°C, 15cycles 


Temperature cycling 


— 65°C, 150°C, "lOOcycles 


3 


Lead fatigue 


250gr, 90°, 2arcs 


4 


Shock 


1500G, 0.5msec. 


Vibration 


20G, 100~2000Hz 
X, Y, Z direction 
4min./cycle, 4cycles/direction 


Constant acceleration 


20000G, Y direction, 1min. 


5 


Operation life 


T a =125°C, Vccmax 
lOOOhours 


.' 6 


High temperature 
storage life 


T a =150°C, lOOOhours 


7 


High temperature and 
high humidity 


85°C,85%, lOOOhours 


Pressure cooker 


121°C, 100%, 100hours 
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FLOW OF PRODUCT 



FLOW OF INFORMATION 



Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 
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2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of "Analysis Re- 
quest of Returned Product" 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 



generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro- 
duct to improve reliability and realize lower failure rate. 
Fig. 2 shows the procedure of returned product control from 
customer. 



RETURNED PRODUCT 



ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 



FAILURE ANALYSIS 
I 



i 



VISUAL INSPECTION 



ELECTRICAL 
CHARACTERISTICS TEST 



C 



CLASSIFICATION OF 
FAILURE MODES 



j> 









ACCEPTANCE 


z 
o 








o 

LU 
LU 












01 


SIMULATION TEST 






INTERNAL VISUAL 
INSPECTION 




1 






* 








CHIP ANALYSIS 


ELECTRICAL 
CHARACTERISTICS TEST 






1 











|_ACCE PJ_ AjSlCJE 



REJECTION 



4 



.J 



CONFIRMATION OF 
FAILURE CAUSE 



INVESTIGATION OF CAUSE 



REPORT 
GENERATION 



REPORT TO 
CUSTOMER 



jt=C 



SURVEY OF 
PROCESS RECORD 



3 



PRELIMINARY 
CORRECTIVE ACTION 




NOiGO 



FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES 



Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS 

The reliability test results for Mitsubishi Single-chip 8-bit 
Microcomputers are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of high tempar- 
ature operation life and high temperature storage life test 

Table 2 ENDURANCE TEST RESULTS 



for. representative types of Single-chip 8-bit Microcompu- 
ters, MELPS 740, MELPS 8-48, MELPS 8-41, and Peripher- 
al LSIs. 

From Table 2, the combined failure rate of Mitsubishi Sing- 
le-chip 8-bit Microcomputers is calculated 0.16%/1000hours 
at 125°C ambient temperature operation. 



Test 


Series 


Type Number 


Test Condition 


Number of 
Samples 


Device Hours 
(Hours) 


Number of 
Failures 


T a (°C) 


Vcc(volt) 


High Temperature 
Operation Life 


MELPS 740 


M50740A-XXXSP 

M50743-XXXSP 

M50744-XXXSP 

M50745-XXXFP 

M50747-XXXSP 

M50753-XXXFP 

M50754-XXXSP 

M50757-XXXSP 

M50931-XXXFP 

M50943-XXXFP 

M50950-XXXSP 

M50734SP 

M37450M2-XXXSP 

M37450S4SP 


125 


7 
7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 


1084 
36 

132 
48 

480 
48 

120 
48 
48 
36 
36 
84 
38 
38 


1,816,000 
36, 000 

1 80, 000 
96, 000 

732, 000 
48, 000 

186,000 
48, 000 
72, 000 
36, 000 
72, 000 

132; 000 
38, 000 
76, 000 


4 



2 











M50747ES 
M50747E-XXXSP 


125 


7 
7 


38 
140 


38, 000 
280, 000 




1 


MELPS 8-48 


M5L8049-XXXP 

M5L8050H-XXXP 

M5M80C49-XXXP 


125 


5.5 
5.5 
5.5 


66 

72 

170 


66, 000 
72, 000 
1 70, 000 







MELPS 8-41 


M5L8041A-XXXP 
M5L8042-XXXP 


125 


5.5 
5.5 


44 
88 


44, 000 
88, 000 






Peripheral 


M5L8243P 
M5M82C43P 


125 


5.5 
5.5 


44 
66 


44, 000 
66, 000 






High Temperature 
Storage Life 


MELPS 740 


M50740A-XXXSP 

M50744-XXXSP 

M50747-XXXSP 

M50753-XXXFP 

M50754-XXXSP 

M50931-XXXFP 

M50943-XXXFP 

M50734SP 

M37450M2-XXXSP 

M37450S4SP 


150 




448 
120 
360 
32 
60 
32 
22 
48 
44 
44 


448,000 
1 20, 000 
720, 000 
32, 000 
60,000 
32, 000 
22, 000 
48, 000 
. 44, 000 
44, 000 














M50747ES 
M50747E-XXXSP 


250 
175 


— 


44 
66 


44, 000 
66,000 






MELPS 8-48 


M5L8049-XXXP 

M5L8050H-XXXP 

M5M80C49-XXXP 


150 




66 
66 
88 


66, 000 
66,000 
88, 000 







MELPS 8-41 


M5L8041A-XXXP 
M5L8042-XXXP 


150 


— 


44 
88 


44, 000 
88, 000 






Peripheral 


M5L8243P 
M5M82C43P 


150 


— 


44 
66 


44, 000 
66, 000 






Low Temperature 
Storage Life 


MELPS 740 


M50740A-XXXSP 

M50744-XXXSP 

M50747-XXXSP 

M50753-XXXSP 

M50757-XXXSP 

M50950-XXXSP 

M50734SP 

M37450S4SP 


-55 


5.5 
5.5 
5.5 

5.5 
5.5 
5.5 

5.5 


48 
36 
36 
22 
36 
48 
24 
22 
22 


44, 000 
36, 000 
36, 000 
22,000 
36, 000 
48, 000 
24, 000 
44, 000 
22, 000 





o 









M50747E-XXXSP 


-55 


5.5 


44 


44, 000 





MELPS 8-48 


M5L8049-XXXP 
M5M80C49-XXXP 


-55 


— 


22 
22 


22, 000 
22, 000 






MELPS 8-41 


M5L8042-XXXP 


-55 


- 


22 


22, 000 
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Table 3 shows the results of the environment tests of ther- 
mal stress high temperature/high humidity and pressure 
cooker test for the same type of products in regards to en- 



durance tests. 

Table 4 shows the results of mechanical tests for repre- 
sentative products of various package types. 



Table 3 ENVIRONMENTAL TEST RESULTS 



Test 


Series 


Type Number 


Test Condition 


Number of 
Samples 


Device Hours 
(Hours) 


Number, of 
Failures 


T a CC) 


RH(%) 


Vcc(volt) 


High Temperature 


MELPS 740 


M50740A-XXXSP 


85 


85 


5.5 


144 


288, 000 


1 


High Humidity Life 




M50744-XXXSP 






5.5 


72 


144,000 









M50744-XXXFP 






— 


88 


88, 000 









M50745-XXXFP 






5.5 


24 


48, 000 









M50747-XXXSP 






5.5 


108 


216,000 









M50747-XXXFP 






— 


128 


128,000 









M50753-XXXFP 






5.5 


32 


32, 000 









M50754-XXXSP 






5.5 


48 


48, 000 









M50754-XXXFP 






— 


44 


44, 000 









M50931-XXXFP 






— 


66 . 


66, 000 









M50734SP 






5.5 


48 


96, 000 









M37450M2-XXXSP 






5.5 


38 


38, 000 





M50747E-XXXSP 


85 


85 


5.5 


44 


44, 000 





MELPS 8-48 


M5L8049-XXXP 


85 


85 


5.5 


66 


66, 000 









M5L8050H-XXXP 






5.5 


66 


66, 000 









M5M80C49-XXXP 






5.5 


88 


88, 000 









M5MC49A-XXXFP 






5.5 


44 


44, 000 





MELPS 8-41 


M5L8041A-XXXP 


85 


85 


5.5 


32 


32, 000 









M5L8042-XXXP 






5.5 


88 


88, 000 









M5L8042-XXXP 






— 


44 


44, 000 





Peripheral 


M5L8243P 


85 


85 


5.5 


66 


66, 000 









M5M82C43P 






5.5 


44 


44, 000 









M5M82C43FP 






5.5 


22 


22, 000 






Test 


Series 


Type Number 


Test Condition 


Number of 
Samples 


Number of Failures 


96 Hours 


240Hours 


500 Hours 


Pressure Cooker 


MELPS 740 


M50740A-XXXSP 


121°C, 100% 


666 





2 


4 






M50744-XXXSP 




102 








1 






M50747-XXXSP 




388 





1 


2 






M50753-XXXFP 




44 


. 


o • 


1 






M50754-XXXSP 




96 















M50754-XXXFP 




44 








1 






M50931-XXXFP 




44 





1 


2 






M50734SP 




66 















M37450M2-XXXSP 




38 















M37450S4SP 




52 











M50747E-XXXSP 


121 "C, 100% 


220 





1 


- 


MELPS 8-48 


M5L8049-XXXP 


J21°C, 100% 


66 















M5L8050H-XXXP 




44 








1 






M5M80C49-XXXP 




154 








2 


MELPS 8-41 


M5L8041A-XXXP 


121°C, 100% 


44 















M5L8042-XXXP 




110 








1. 


Peripheral 


M5L8243P 


121°C, 100% 


22 















M5M82C43P 




22 
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Test 


Series 


Type Number 


Test Condition 


Number of 
Samples 


Number of Failures 


10Cycles 


lOOCycles 


500Cycles 


Temperature Cycling 


MELPS 740 


M50740A-XXXSP 


— 65°C, 30min 


220 








1 






M50743-XXXSP 


150°C, 30min 


38 















M50744-XXXSP 




120 


0. 












M50745-XXXFP 




38 















M50747-XXXSP 




400 















M50747-XXXFP 




38 















M50753-XXXFP 




38 















M50754-XXXSP 




88 















M50754-XXXFP 




96 















M50931-XXXFP 




38 















M50734SP 




72 















M37450M2-XXXSP 




72 















M37450S4SP 




52 











M50747ES 


— 65°C, 30min 


38 















M50747E-XXXSP 


150°C, 30min 


38 











MELPS 8-48 


M5L8049-XXXP 


— 65°C, 30min 


88 















M5L8050H-XXXP 


150°C, 30min 


76 















M5M80C49-XXXP 




220 















M5MC49-XXXFP 




50 











MELPS 8-41 


M5L8041A-XXXP 


— 65 °C, 30m in 


82 















M5L8042-XXXP 


150°C, 30min 


50 











Peripheral 


M5L8243P 


— 65°C, 30min 


38 















M5M82C43P 


150°C, 30min 


38 
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Table 4 MECHANICAL TEST RESULTS 


^xT^ -_ Package Pin Count 


40 P4 


52P4B 


64P4B 


42 P6 


72P6, 80P6 




:=: ==r^ ;: --___ Series 


MELPS 8-48 


MELPS 740 


MELPS 740 


MELPS 8-48 


MELPS 740 


TestV 


Test ConditionX 


Number of 
Samples 


Number of 
Failures 


Number of 
Samples 


Number of 
Failures 


Number of 
Samples 


Number of 
Failures 


Number of 
Samples 


Number of 
Failures 


Number of 
Samples 


Number of 
Failures 


Soldering Heat 


260°C,10s 


44 





250 





600 





44 





230 





Thermal shack 


-40°C,125°C, 
15cycles 


44 





250 





600 





44 





280 





Solderebility 


230°C,10s 


110 





110 





110 





110 





. 110 





Shock 


1500G, 0.5ms 


40 





44 





52 





44 





44 





Vibration 


20G, 100—2000HZ, 

4m/cycle, 
4cycles/direction 


40 





44 





52 





44 





44 





Constant 
Acceleration 


20000G, 1m 


40 





44 





52 





44 





44 





Lead Integrity 


250gr/125gr, 
90°Berding 2times 


100 





100 





100 





100 





100 





500gr/250gr, 
Tension 30s 


50 





50 





50 





50 





50 






4 FAILURE ANALYSIS 

Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha- 
nical stress and those combined stresses on chips and 
packages. 

Examples of typical failure modes are shown below. 
(1) Wire Bonding Failure by Thermal Stress 

Fig. 3, Fig. 4 and Fig. 5 are example of a failure occur- 
red by temperature storage test of 225°C, "lOOOhours. 



Flg.3 

Micrograph of 
lifted Au ball trace 
on Al bonding pad 





Fig. 4 

Au-AI plague formation 

on bonding pad 



Fig.5 

Lifted Au wire ball base 



(2) 



Au-AI intermetallic formation so-called "Purple plague" 
by thermal overstress makes Au wire lift off from alumi- 
num metallization. The activation energy of this failure 
mode is estimated approximately 1.0eV and no failure 
has been observed so far in practical uses. 
Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 

Fig. 6, Fig. 7 and Fig. 8 are an example of corroded fa- 
ilure of aluminum metallization in plastic encapsulated 
IC after accelerated temperature/humidity storage test 
(pressure cooker test) of 121°C, 100% RH, 1000hours 
duration. 

Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Fig. 8. 






it 




Fig.6 

Micrograph of corroded 

Aluminum metallization 
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Flg.7 
Enlarged 
micrograph 
of corroded 
Aluminum 
bonding pad 




Flg.8 

CI 

distribution 

on corroded 

Aluminum 

bonding pad 



(3) Destructive Failure by Electrical Overstress 

ESD have been performed to reproduce the electrical 
overstress failure in field uses. 

Fig. 9 and Fig. 10 are an example of failure observed 
by surge voltage test. The trace of destruction is veri- 
fied as the aluminum bridge by X-ray micro analysis. 



SURGE 
^r- DESTRUCTION 




Fig.9 

Micrograph of surge 

voltage destruction 




Fig.10 

Aluminum trace 
of destructive spot 



(4) Aluminum Electromigration 

Fig. 11 shows an open circuit of aluminum metallization 
in high current density region caused by accelerated 
operating life test. This failure is caused by the alumi- 
num electromigration. Voids and hillock have been 
formed in aluminum metallization by high current de- 
nsity. 



-.^Mtl^ 




Fig.11 

Voids and 

hillocks 

formation 

by Aluminum 

electromigration 



5 SUMMARY 

The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. Customer's interest 
and requirement for high reliable IC & LSI are increasing 
significantly. To satisfy customer's expectancy. Mitsubishi 
as an IC vendor, would like to make perpetual efforts in the 
following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 
provide quality and reliability data of incoming inspection or 
field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (g m ) between source and drain to 
control mobile charges in the channel formed by the 
applied gate voltage. 

If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. 

Under certain conditions, however, it may be impossible 
to completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
P-N junction. Therefore the following recommendations 
should be followed in handling MOS devices. 

1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 

1. The recommended ranges of operating conditions 
provide adequate safety margins. Operating within these 
limits will assure maximum equipment performance and 
quality. 

2. Forward bias should not be applied to any terminal since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. 

2. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 

When MOS IC/LSIs are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to. electrostatic induction from AC 
fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSIs should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber foam, aluminum foil, 
shielded boxes or other protective precautions. 

3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 

PERSONNEL AT THE SAME POTENTIAL 

1. All electric equipment, work table surfaces and operat- 



ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist 
and grounded in series with a 1mH resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 
2. Current leakage from electric equipment must be 
prevented not only for personnel safety, but also to 
avert the destruction of MOS IC/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. 

4. PRECAUTIONS FOR MOUNTING OF 
MOS IC/LSIs 

1. The printed wiring lines between input and output ter- 
minals of MOS IC/LSIs should not be close to or parallel 
to high-voltage or high-power signal lines. Turning pow- 
er on while the device is short-circuited, either by a sol- 
der bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which can result in the destruction of the 
device. 

2. When input/output, or input and/or output, terminals 
of MOS IC/LSIs (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to §2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LSI be inserted 
between the power supply and the ground. 

3. A filter circuit should be inserted in the AC power 
supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 

4. Terminal connections should be made as described in the 
catalog while being careful to meet specifications. 

5. Ungrounded metal plates should not be placed near 
input or output terminals of any MOS IC/LSIs, since 
destruction of the insulation may result if they become 
electrostatically charged. 

6. Equipment cases should provide shielding from electro- 
static charges for more reliable operation. When a plastic 
case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered 
necessary even for battery-operated equipment. 
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MITSUBISHI MICROCOMPUTERS 



M50740A-XXXSP/FP,M50741-XXXSP/FP 

M 50740 ASP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M50740A-XXXSP, M50741-XXXSP and the M50740ASP 
are single-chip microcomputers designed with CMOS sili- 
con gate technology. All are housed in a 52-pin shrink plas- 
tic molded DIP (flat package type also available). These 
single-chip microcomputers are useful for business equip- 
ment and other consumer applications. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences among the M50740A-XXXSP, M50741- 
XXXSP and the M50740ASP are noted below. The following 
explanations apply to the M50740A-XXXSP. Specification 
variations for other chips are noted accordingly. 



M50740A-XXXSP 


ROM 3072bytes 

Port PO, P1, P2 Pull-up transistor 

option 

Port P3 Pull-down transistor option 

Port R Input exclusive option 


M50741-XXXSP 


ROM 4096bytes 


M50740ASP 


External ROM type of M50740A-XXXSP 



The differences among the M50740A-XXXSP and the 
M50740A-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions '••■ 70 

• Memory size ROM 3072bytes (M50740A-XXXSP) 

4096bytes (M50741-XXXSP) 
RAM 96bytes 

• Instruction executing time 

2/iS (minimum instructions at 4MHz frequency) 

• Single power supply f(X, N )=4MHz 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) 
•■ 15mW(V C c=5V, Typ.) 

• Subroutine nesting 48 levels (Max.) 

• Interrupt 6types, 5 vecters 

• 8-bit timer '• 3 

• Programmable I/O (Ports PO, P1, P2, P3) 32 

APPLICATION 

VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 



I/O port P2 




I/O port P3 



Reset input RESET 
Clock input X iN 

Xoutf 

XoUTS 

Vss 



I/O port P1 



Reset 
RESETqut output 

CE Chip enable 
Read/Write 
output 
Timing output 



Clock output 



I/O port R 



Outline 52P4B 



GO |£ 
LU Ul < 

QClO DC 

ittiltf! 

|iil|ilRR[^R|ii1l^|i1|i51|i1|i1|^^1 



P3 4 ~[i£ 
P3 3 ~[n 
P3 2 *-GI 

V ss H 
Vcc EI 
P2 7 ~[iZ 
•P2 6 ~[>8 
P2 5 ~[» 
P24-M-H 



o 



M50740A-XXXFP 

or 
M50741-XXXFP 



O 



o 



I]~ Ri 
IU+*r 2 

ID v ss 

HJ ~" *" Xoutf 

I3 — x,n 



H] — RESET 
H] CNVss 



LJl2jl3]Llll5ll6jl7jl8ll9j|l0||lllll2|l!3|N 

iiuiiinimf 

e? <n c\T c\? o o o ooodoFIt 

0.0.0.0-0.0.0. Q.Q.Q.Q.D- !=|±: 



Outline 50P6 

For M50740ASP, CNV SS should be connected to V cc 
NC : No Connection 
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M50740A-XXXSP BLOCK DIAGRAM 



Reset 
output 



Interrupt 
input 
INT 



Reset 
input 
RESET 



Input Output Output Timing 
clock clock clock output 

X|N XquTF XquTS 



-&) : © (S) © (24) -<£) 65)— 



Clock generating 
circuit 



(5V) (OV) 

V cc V ss 

(52) (26) — 



(OV) 
CNV SS 

— ©— 



8-bit 
arithmetic 

and 
logical unit 



77 



^2 



Accumulator 
A(8) 

— 77 



RAM 
96 bytes 



J^> 



Index register 
X(8) 

77 



O 



Index register 
Y(8). 

" — 7> 



Stack pointer 
S(8) 

<7 



Processor 

status 

register PS(8) 

7£ 



Program 
counter 
PC H (8) 



Program 
counter 
PC L (8) 

— 7> — 



ROM 

3072 bytes 

(Note! ) 



:<*> 



Az: 




IL 



Prescaler 
PRE12(8) 



±JE 



nzji 



Timer 1 
T1(8) 



£_£ 



Timer 2 
T2(8) 



^l _ I G 



Instruction 
register(8) 



IE 



Instruction 
decoder 



Control signal 



CE R/W 

I/O 
Chip Read/ port R 
enable write 
output 



Prescaler ~| 
PREX(8) | 



Timer X 
TX(8) 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port P0 



CNTR 

Timer I/O and interrupt input 



Note : 1 4096 bytes for M50741-XXXSP 



52 

z 
o 

r 

m 

■ 

o 

X 
00 

I 

09 



O 

3 

o 

01 



o 

90 
O 

o 

o 



m 

90 



MITSUBISHI MICROCOMPUTERS 

M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50740A-XXXSP 




Parameter 


Functions 


Number of basic instruction 


70 


Instruction execution time 


2,us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


3072bytes (4096bytes for M50741-XXXSP) 


RAM 


96bytes 


I/O port 


INT 


Input 


1-bitX'l 


PO, P1, P2, P3 


I/O 


8-bitX4 


R 


I/O 


4-bitXl 


CNTR 


I/O 


1-bitX1 


Timers 


8-bit prescalerX2+8-bit timerX3 


Subroutine nesting 


48 level (max.) 


Interrupts 


External interrupt 2, Timer interrupt 3 


Clock generating circuit 


Built-in (RC, ceramic or quartz crystal oscillator) 


Supply voltage 


at operating 


5V±10% 


Power dissipation 


at high speed 


15mW (at 4MHz frequency) 


I/O characteristics 


I/O voltage 


12V (ports PO, P1, P2, INT, CNTR) 


Output current 


10mA (ports PO, P1.P2, P3) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50740A-XXXSP, M50741-XXXSP, M50740ASP 


52-pin shrink plastic molded DIP 


M50740A-XXXFP, M50741-XXXFP 


50-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
. Output' 


Functions 


Vcc 
V S s 


Supply voltage 




Power supply inputs 5V±10% to V cc . and OV to V ss . 


CNVss 


CNVss 




This is usually connected to V S s(for M50740ASP, connected to V C c)- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. 

To control generating frequency, an external RC circuit is connected between the X| N and X uts or the 
Xoutf pins, and an external ceramic or a quartz crystal oscillator is connected between the X| N and X uts 
pins. If an external clock is used, the clock source should be connected to the Xin pin, and the Xouts and 
Xoutf pins should be left open. 


XoUTS 


Clock output 


Output 


This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a RC circuit, a ceramic or a quartz crystal oscillator between this pin and Xin pin. 


XoUTF 


Clock output 


Output 


This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a RC circuit between this pin and X| N pin. 


<f> 


Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O or interrupt 
input 


I/O 


This is in common with an I/O for the timer X and an interrupt input pin. 


INT 


Interrupt input 


Input 


This is the lowest order interrupt input pin. , 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is N-channel open drain. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 


Ro R3 


I/O port R 


I/O 


Port R is a 4-bit I/O port, and is used to connect with an I/O expander. For M50740A-XXXSP, it can be only 
for input. 


R/W 


Read/Write output 


Output 


This pin outputs read/write signal for I/O expander. 


CE 


Chip enable output 


Output 


This pin outputs the chip enable signal for I/O expander. 


RESET OUT 


Reset output 


Output 


This pin outputs the reset signal for I/O expander. 
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M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50740A-XXXSP is shown in Figure 

1. Addresses 1400 16 to 1FFF 16 are assigned to the built-in 

ROM area which consists of 3072 bytes. 

Addresses 1000 16 to 1FFF 16 are the ROM address area 

assigned to the M50741-XXXSP. 

Addresses 1F00 16 to 1FFF 16 are a special address area 

(special page) . By using the special page addressing 

mode of the JSR instruction, subroutines addressed on this 



page can be called with only 2 bytes. Addreeses 1FF4 16 to 
1 FFF 16 are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 005F 16 are assigned to the built-in 
RAM and consist of 96 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 



ROM 
(4096 bytes) 

for 
M50741-XXXSP 


Zero page < 

•< 

ROM 

(3072 bytes) 

for 

except 

M50741 

-XXXSP 


RAM 
(96 bytes) 

Special page 
for < 
subroutine 
call 


r 0000 16 

l" 005 F, 6 

00D0 16 
00DF 16 
00E0 16 

00FF 16 

1000 16 
1400 16 

r1F00 16 

1 FF4 16 

MFFF\ 16 




Decimal 










/ 
/ 
/ 

/ 
/ 
/ 

/ 
/ 

95 / 
/ 
/ 

/ 
/ 
/ 

255 


OOEOie 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
OOECie 
00ED 16 
OOEEie 
00EF 16 
00F0 16 
OOFlie 
00F2 16 
00F3ie 
00F4 16 
00F5 16 
OOF616 
00F7 16 
OOF816 
00F9,6 
00 FA, 6 
00FB 16 
00FC 16 
OOFDie 
OOFEie 
OOFFie 


Port P0 




Pnrt Pn dir ectional 
Port KU register 


Port PI 


Port P1 dir ectional 
ron V\ register 


Not used 


Port P2 


D'nrt DO directional 
rori rL register 


I/O expander 








Port P3 


Not used 


\ 
\ 

\ 

\ 

\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
INT \ 

Timer 2 . 

Timer 1 \ 
\ 
Timer X ^ 

CNTR * 


D f D q directional 
POn PJ register 




































Timer 1,2 prescaler 


Address L 
Address H 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer X prescaler 


Address L 
Address H 


Timer X 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


RESET \ 
8191 ^ 


Timer control register 













Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 

INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 

STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The contents of the stack pointer is XX 16 , the stack address 
is set to 00XX 16 . When using this microcomputer in the 



single-chip mode, the stack pointer should be set at the 
bottom address of the internal RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PH A) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in : 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. PC H is only 
5 bits long. 



7 


A 


7 


X 


7 


Y 


7 


S 



15 


7 


PC H 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Prosessor status register 

Carry flag 
Zero flag 

Interrupt disable flag 
Decimal mode flag 

■ Break flag 

■ Index X mode flag 

■ Overflow flag 
- Negative flag 



Fig. 2 Register structure 
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PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 



The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 

7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The oveflow flag is reset by the 
CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 



3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 



MITSUBISHI 
k ELECTRIC 



2-9 



MITSUBISHI MICROCOMPUTERS 

IVI50740A-XXXSP/FP J IVI50741.XXXSP/FP,M50740ASP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



INTERRUPT 

The M50740A-XXXSP can be interrupted from seven 
souces; CNTR, timer X, timer 1, timer 2, or INT/BRK in- 
struction. 

These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
"1". All of the other interrupts can further be controlled indi- 



vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 
the interrupt request bit are both "1" and the interrupt dis- 
able flag is "0". 

The interrupt request bits are set when. the following condi- 
tions occur: 

(1 ) When the CNTR or INT pins go from "H" to "L" 

(2) When the contents of timer X, timer 1 , timer 2 go to "0" 
These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 

Since the BRK instruction and the INT interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT generated the interrupt. 



Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


- 1 


1FFF 16 , 1FFE 16 


CNTR 


2 


1FFD 16) 1FFC 16 


Timer X 


3 


1FFB 16> 1FFA 16 


Timer 1 


4 


1FF9 16 , 1FF8 16 


Timer 2 


5 


1FF7 16) 1FF6 16 


inT(brk) 


6 


1FF5 16) 1FF4 16 



Interrupt 
request 



HZP 



rO 



rO 



i<r, 



ct 



I — Interrunt riisahl<=> flan 



Interrupt disable flag I 



M 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : CNTR interrupt request bit 

Bit 6: CNTR interrupt enable bit 

Bit 5 : Timer 1 interrupt request bit 

Bit 4: Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt request bit 

Bit 2 : Timer 2 interrupt enable bit 

Bit 1 : INT interrupt request bit 

Bit : INT interrupt enable bit 



Timer control register (Address 00FF 16 ) 
Bit 7 : Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
■ Bit 5 : Timer X count stop bit 
Bit 4: Not used 
Bit 3: 
Bit 2: 
Bit! : 



Timer X mode bit 



BitO: 



Processor mode bit 



Fig. 3 Interrupt control 
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TIMER 

The M50740A-XXXSP has three timers; timer X, timer 1, 
and timer 2. Timer X has four modes which can be selected 
by bit 2 and 3 of the timer control register. When the timer X 
count stop bit (bit 5) is set to "1", the timer X will stop re- 
gardless of which mode it is in. A block diagram of timer X, 
timer 1 and timer 2 is shown in Figure 4. 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency divid- 
er. The division ratio is defined as 1/(n+2), where n is the 
decimal contents of the prescaler latch. All three timers are 
xlown-count timers which are reloaded from the timer latch 
following the zero cycle of the timer (i.e. the cycle after the 
timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero. 



The four modes of timer X as follows: 

(1) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the, timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock sourse. 



Oscillator Divider 



When STP 



f(X IN ) 



1/16 



o- 



Timer instruction is Prescaler latch (8) 

imode , executed, this I 1 

1 0\ circuit is 



T^° 



Pulse width test mode\ connected 

\coercively. 

O v 



Event counter mode 
O 



Pulseoutput mode 



1*L 



T> 



12l 



Timer X latch (8) 



Prescaler (8) 
FF 16 T 



ii 



Timer X (8) 



01 



^Q 



to timer X interrupt 

"^ request bit 



Reset, or STP instruction 



^ 



- Timer X count stop bit (Bit 5 of address 00FF 16 ) 



Toggle flip-flop 



Data bus 



iz: 



Prescaler latch (8) 



ZZ. 



Timer 1 latch (8) 



Prescaler (8) 



Timer 2 latch (8) 



Timer 1 (8) 



to timer 1 
^interrupt 
request 
bit 



■r- o/o\ "I to timer 2 interrupt 
Timer 2 (8) |-» requ€ 



request bit 



Fig.4 Block diagram of timer X, timer 1 and timer 2 
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(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches "0", the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 



H I IXI I I I I 





















Timer control register (Address 00FF 16 ) 

Prosessor mode bit 
: Single-chip mode 

1 '. Memory expanding mode 

1 : Microprocessor mode 
1 1 : Eva-chip mode 



Timer X mode bit 
: Timer mode 

1 : Pulse output mode 

1 : Event counter mode 
1 1 '. Pulse width measurement mode 

Timer X count stop bit 

.' Count start 

1 '. Count stop 

Timer X interrupt enable bit 

! Interrupt disable 

1 '. Interrupt enable 

Timer X interrupt request bit 

: No interrupt request 

1 : With interrupt request 



Fig.5 Structure of timer control register 
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(1) Port PO directional 
register 

(2) Port PI directional 
register 

(3) Port P2 directional 
register 

(4) Port P3 directional 
register 

(5) Prescaler X 

(6) Timer X 

(7) Interrupt control register 

(8) Timer control register 

(9) Interrupt disable flag on 
processor status register 

(10) Program counter 



Address 

El, 6 
E3 16 
E5, 6 
E9, 6 
FC 16 
FD 16 
FE, 6 
FF 16 
PS 

PC H 

pc l 



00,6 



oo ie 



00, e 



00 1€ 



FFie 



00 16 



Contents of address 
1FFF 16 



I Contents of address 
I IFFEib 



(11) The output of oscillator is 
in the same state as the 
one after "FST" instruction 
execution, and is 
connected to X OU tf pin. 



M50740A-XXXSP 


RESET V 


zc 


22 

— *c — 


52 


± w\ 





ov- 



-4.5V 



-0.6V 



M50740A-XXXSP 



22 




Supply voltage 
detection circuit 



Fig. 7 Internal state of microcomputer at reset 

RESET CIRCUIT 

The M50740A-XXXSP is reset according to the sequence 
shown in Figure 6. It starts the program from the address 
formed by the content of address 1FFF 16 as the high order 
address and the content of the address 1FFF 16 as the low 
order address, when the RESET pin is held at "L" level for 



Fig. 8 Example of reset circuit 



more than 2jus while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable, and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 7. 
An example of the reset circuit is shown in Figure 8. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X, n -Xout becomes stable. 



f(x -N) JUllL. 



RESET 



SYNC 



Address 



..jininimnr 



8~15clock cycles. It differs 
depending on the internal 
condition of microcomputer 
at reset. 




Reset address from the vector table 



Note : 1 Frequency relation of f( X|N ) and <j> is Ux lN ) = 4'<t>. When 
address is I/O expanders' (00D0 1G ~00DF 16 ), f( X|N ) is 
8-0. 
2 The mark "?" means that the address is changeable 
depending on the previous state. 



Fig.6 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

Pull-up transistor can be specified as an option for 
M50740A-XXXSP. As shown in the memory map 
(Figure 1) , port PO can be accessed at zero page 
memory address 00E0 16 . Port PO has a directional reg- 
ister (address 00E1 16 ) which can be used to program 
each individual bit as input ("0") or as output ("1"). If 
the pins are programmed as output, the output data is 
; latched to the port register and then output. When data 
is read from the output port the output pin level is not 
read, only the latched data in the port register is read. 
This allows a previously output value to be read cor- 
rectly even though the output voltage level is shifted up 
or down. Pins set as input are in the floating state and 
the signal levels can thus be read. When data is writ- 
ten into the input port, the data is latched only to the 
port latch and the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF 16 ), four different 
modes can be selected; single chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 
For more details, see the processor mode information. 

(4) PortP3 

Port P3 is an 8-bit I/O port with P-channel open drain 
outputs. This port also has the pull-down transistor op- 
tion for M50740A-XXXSP. 

(5) Port R 

Port R communicates with an I/O expander. When <t> 
goes to level "H", port R outputs the port address to 
that of the I/O expander. When 0goes to "L", it out- 
puts/inputs data to from the I/O expander. The above 
data is effective only when CE pin goes to "L". For the 
M50740A-XXXSP, this port can be an input port as an 
option. The timing diagram is shown in Figure 9. 

(6) CEpm_ 

The CE pin goes to "L" when addresses are moved to 
the I/O expander addresses (OOD0 16 ~OODF 10 ) . This 
port is used to determine whether the address or data 
of port R is effective. 



(7) R/Wpin_ 

The R/W pin goes to "L" when the operation is ex- 
ecuted. The R/W signal tells an external device that 
the CPU wants to write or read. 

(8) Clock ^ output pin 

In normal conditions, the oscillator frequency divided 
by four is output as 0. When CE pin goes to "L", the 
oscillator frequency divided by eight is output as <f>. 
This is to synchronize with I/O expander. 

(9) RESETqut pin 



(10) 



(11) 



Wne the RESET pin goes to level "L", the RESET OU t 
pin also goes to "L". On the other hand, when the RE- 
SET pin goes to "H" the RESETqut pin also goes to 
"H" after 8~15 clock cycles. This output is used to re- 
set the external devices. 
INT pin 

The INT pin is an interrupt input pin. The INT interrupt 
request bit (bit 7 at address 00FE 16 ) is set to "1" when 
the input level of this pin changes from "H" to "L". 
CNTR pin 

The CNTR pin is an I/O pin of timer X and also an in- 
terrupt input pin. The CNTR interrupt request bit (bit 7 
at address 00FE 16 ) is set to "1" when the input level of 
this pin changes from "H" to "L". 
In the event counter mode, CNTR becomes the input 
pin of the external pulse. In the pulse output mode, the 
CNTR output changes polarity each time the contents 
of timer X goes to "0". In the pulse width measurement 
mode, the pulse to be measured is input to this pin. 





* I I I 


I 


I 


L 








r ^' XAddressX Data X 


X 


X 


X. 


CI \ / 



Fig. 9 Timing diagram of port R 
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< 



Data bus 



Data directional register 



>-i 



N-channel open drain output 



<P 



z^i 



<y 



Ports PO, P1 , P2 



<h 



Data bus 



Data directional register 



P-channel open drain output 



<y 



!=oif 



<■ 



o 



-<■ 



N-channel open drain output 



Ports R, CNTR 



CMOS output 



"!d— o 



4>, R/W, CE, RESETqut 



Fig.10 Block diagram of port PO— P3 (singl-chip mode) and output formats of port R, CNTR, 4>, R/W, CE, RESETquj 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address OOFF^) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P2 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 11 shows the functions of ports P0~P2. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 12. 
By connecting CNV SS to V S s, all four modes can be 
selected through software by changing the processor mode 
bits. 

Supplying "H" level to CNV SS places the microcomputer in 
the eva-chip mode. The four different modes are explained 
as follows: 

(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0~P2 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV S s is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address data for port P0 is output 
when ^goes to "H" state. When 0goes to the . "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 5 bits of address data are output when 
0goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. 



Pins P1 6 and P1 5 output the SYNC and R/W control 
signals, respectively while 4> is in the "H" state. RDY 
signal is input from P1 7 . When in the "L" state, P1 5 , 
P1 6 , and P1 7 retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H." state when it fetches the OP CODE. 
The RDY is a ready signal input and, when it goes to 
"L", internal clock stops and the CPU waits the data. 
However, the oscillation does not stop. 
Port P2 retains its original output functions while 0is at 
the "H" state, and works as a data bus of D 7 ~ D 
(including instruction code) while at the "L" state. 

(3) Microprocessor mode [10] 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P1 5 , P1 6 and P1 7 become the R/W, SYNC and 
RDY pins, respectively and the normal I/O functions 
are lost. Port P2 becomes the data bus (D 7 ~D ) and 
loses its normal I/O functions. Internal memory (00E1 16 
to 00E0 16 ) cannot be used, and an external memory is 
needed if the address where normal I/O function have 
lost. 

(4) Eva-chip mode [11] 

When "H" level is supplied to CNV SS pin, the micro- 
computer is forced into the eva-chip mode. The main 
purpose of this mode is to evaluate ROM programs 
prior to masking them into the microcomputer's internal 
ROM. 

With the exceptions that the internal ROM is disabled 
and that external memory must be attached, this mode 
is the same as the memory expanding mode. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 



Table 2 Relationship between CNV S s pin input level and processor mode 



CNV S s 


M50741-XXXSP 


M50740A-XXXSP 


M50740ASP 




• Single-chip 


After reset, processor 
mode is single chip 








• Memory expanding 


mode. 






V ss 


•Eva-chip 

• Microprocessor 


All modes can be 
selected by changing 
the processor mode bit 
in the program. 


Same as left 






• Eva-chip 


Eva-chip mode only 


• Microprocessor 

• Eva-chip 


After reset, processor 
mode is microp- 
rocessor mode. Eva 


• Microprocessor 


Microprocessor mode 
only. (Do not change 
the processor mode bit 


Vcc 








chip mode also can be 




in the program). 








selected by changing 














the processor mode bit 














in the program. 






+10V 


- 


• Eva-chip 


Eva-chip mode only 


- 
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CM! 








1 


1 


CM 





1 


1 





Port 


VI ode 


Single-chip mode 


Memory expanding mode 


Eva-chip mode 


Microprocessor mode 


Port PO 




r 




Same as left 




r 


J 

Ports P0 7 ~F 
jO/O Port 


, 1 1 


,j 


J 


Ports P0 7 ~P0 


Ports P0 7 ~P0 o 


x_ 


X*a"™*X" ""X 


Y Address A 7 ~A 




Port P1 




r 




Same as left 




r 


j 

Ports P1 7 — F 
Yl/O port 


. 1 1 


•J 


3 1o 


Ports P1 4 ~Plo 


Ports P1 4 ~P1 


x: 
x; 
x: 


X W X i/o ^ X 


Y ' Address Ai 2 ~A 8 
Port PI 5 


Port P1 5 


)( R/W )( I/O port ^ 


X R/ ^ 

Port PI 6 


Port P1 6 


Y SYNC Y I/O port V 


Y SYNC 
Port PI 7 


Port P1 7 • 


)( RDY )( I/O port )( 


X ™Y 




Port P2 




r 




Same as left 




r 


Ports P2 7 ~F 


♦ l l 


, I 


>2 


Ports P2 7 ~P2 


Ports P2 7 ~P2 


Y/O port 


Youtput ponYData D 7 ~dY 


"\ Moating /" 
V- -( Data D r 


-■»)■- 









Fig. 11 Processor mode and functions of ports P0~P2 
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0000 1( 



Internal RAM 



Memory expanding 
mode 



Eva-chip mode Microprocessor mode 
Note 1 : 1000 16 to M50741-XXXSP 



The shaded area is 
external memory area. 



CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
13. 

When the STP instruction is executed, the oscillation of in- 
ternal clock is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
To return from the stop status, the interrupt enable bit must 
be set to "1" before executing STP instruction. To return 
from the stop status, the timer X count stop bit (bit 5 of 
address 00FF 16 ) must be set to "0" before executing STP 
instruction. 



Fig. 12 External memory area in processor mode 



Interrupt request 
Interrupt disable flag I 




Reset - 
STP instruction- 



X> 



r~r 



1/2 



SW o; 



1/8 



t£> 



Prescaler X 



Timer X count stop bit 



1/2 



*>OUTS *OUTF 



1/2 



CE=1 



CE=0 



X> 



-^Internal clock <t> 



Kt 



Reset 



-STP instruction 



Fig.13 Block diagram of clock generating circuit 
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When FST instructions are executed, SW sc closes and 
when SLW instructions are executed, it opens. These in- 
structions are used for CR oscillation and changes oscilla- 
tion fequency. The SWosc closes at reset. 
The SW^ is connected to the output of oscillation frequency 
divided by 8 (CE=1) when addresses are I/O expanders 
(00D0 16 ~00DF 16 ), otherwise it is connected to the output 
devided by 4 (CE = 0). Therefore the frequency of the in- 
ternal clock differs depending on addresses. 
This is to retain enough time for communication between I/ 
O expander and signals. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 14. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufacturs 
suggested value. 

The example of external clock usage is shown in Figure 15. 
X| N is the input, and X Q ut is open. 

PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+2). 

(2) Set a value other than "0" for the timer and the pre- 
scaler. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(4) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(5) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(6) A NOP instruction must be used after the execution of 
a PLP instruction. 

(7) The timer X and prescaler X must be set "FF 16 " im- 
mediately before the execution of a STP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) Mask ROM confirmation form 

(2) Mark specification form 

(3) ROM data •••• EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• Port P0 pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit 

• Port P3 pull-up transistor bit 

• Port R I/O mode 



M50740A-XXXSP 



23 



1Mf) 



HDh 



m 



25 



z^Co 



Tfr 



Flg.14 External ceramic resonator circuit 



M50740A-XXXSP 


X| N X UT 


' 23 A 25 




Open 



External oscillating circuit 



ZIIUW 



Fig. 15 External clock input cirucit 
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ABSOLUTE MAXIMUM RATINGS 



Note 1 

2 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s- 
Output transistors cut-off. 


-0.3-7 


V 


v, 


Input voltage R ~R 3 , CNV ss lNoteU , RESET, X, N 


-0.3—7 


V 


v ( 


Input voltage P3 ~P3 7 


— 3.0~V cc +0.3 


V 


v, 


Input voltage INT, P0 ~P0 7 , P1 ~P17, 
.P2 ~P2 7 , CNTR 


-0.3-13 


V 


Vo 


Output voltage Ro~R3 


-0. 3-7 


V 


Vo 


Output voltage P3 ~P3 7l Xoutf. X uts. 0. 


-0.3— Vcc+0.3 


V 


R/W, CE, RESETout 


Vo 


Output voltage P0 ~P0 7p P1 ~P17, P2 ~P2 7 , 
CNTR 


-0.3—13 


V 


Pd 


Power dissipation 


T a =25°C 


1000(Note2 ) 


mW 


Topr 


Operating temperature 




-10-70 


°C 


Tstq 


Storage temperature 




-40-125 


°C 



-0.3-13V for M50740A-XXXSP. 
300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (T a =-10~70°C, V CC =5V±10%, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V ss 


Supply voltage 









V 


V IH 


"H" input voltage, P0 ~P0 7 , P1 ~ PI7. P2 ~P2 7 , 
P3 ~P3 7 , R ~R 3 , CNVss 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage, CNTR, INT 


0. 8V CC 




Vcc 


V 


V,H 


"H" input voltage, RESET 


M50740A-XXXSP 
M50740ASP 


0. 8V CC 




Vcc 


V 


M50741-XXXSP 


0. 48V CC 




Vcc 


V 


V IH 


"H" input voltage, X| N 


0. 8V CC 




Vcc 


V 


V, L 


"L" input.voltage, P0 ~P0 7 , P1 ~P17, P2 ~P2 7| 
P3 ~P3 7 , R ~R 3 , CNV S s 







0. 2V CC 


V 


v, L 


"L" input voltage, CNTR, INT 







0. 2V CC 


V 


v, L 


"L" input voltage, RESET 







0.1 2 V cc 


V 


v, L 


"L" input voltage, X| N 







0. 1 2V CC 


V 


'oL(peak) 


"L" peak output current, P0 ~P0 7 , P1 ~P17, 
P2 ~P2 7 






10 


mA 


'oL(avg) 


"L" average output current, POo~P0 7 , P1 ~P1 7 , 
P2 ~P2 7 






5 


mA 


'oH(peak) 


"H" peak output current, P3o~P3 7 






-10 


mA 


'oH(avq) 


"H" average output current, P3 ~P3 7 






-5 


mA 


f (x, N ) 


Internal clock oscillating freqency 






4 


MHz 



Note 3 : High-level inpu t voltage of up to +12V may be applied to permissible for ports P0, P1, P2, 
CNTR, and INT 
4 ! The total of low-level peak output current should be 60mA max. for ports P0 and P2 
The total of low-level peak output current should be 30mA max. for port P1 
The total of low-level peak output current should be 80mA max. for port P3 
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ELECTRICAL CHARACTERISTICS (V C c=5V, V ss =0V, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


Voh 


"H" output voltage, P3 ~ P3 7 


T a =25°C 
l O H=-10mA 


3 


, 




V 


Vqh 




T a =25°C 

Ioh =—2. 5mA 


3 






V 


"H" output voltage, <t>, R/W, CE, RESET 0U t 


Vol 


"L" output voltage, P0 ~ P0 7 , P1 ~ P1 7 ; P2 ~ P2 7 
Ro~R 3 . CNTR 


T a =25°C 
l O L=10mA 






2 


V 


Vol 


"L" output voltage, 4>, R/W, CE, RESETout 


T a =25°C 
Iol =5mA 






2 


V 


V t + - V T - 


Hysteresis, CNTR, INT 


T a =25°C 


0.3 




1 


V 


v T + - v T _ 


Hysteresis, RESET 


T a =25°C 




0.5 


0.7 


V 


V T + - V T _ 


Hysteresis, X| N 


T a =25°C 


0.1 




0.5 


V 


1, 


Input leak current, P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
INT, CNTR 


T a =25°C 

^ V, ^ 12V, without port option 


-12 




12 


fiA 


1, 


Input leak current, P3 ~ P3 7 , Ro ~ R3, 
CNVss, RESET, X, N 


T a =25°C 

< V| ^ 5V, without port option 


-5 




5 


ma 


l,L 


"L" input current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 


T a =25°C 

Vi = OV, with port option 


-60 




-200 


VA 


llH 


"H" input current, P3 ~P3 7 


T a =25°C 

Vi = 5V, with port option 


60 




200 


juA 


Vram 


RAM retention voltage 


Stop mode 


2 






V 


'cc 


Supply current 


P-channel open 
drain input/output to 
Vcc> output termin- 
als are opened, 
others to V S s 


f(x IN ) = 4MHz 
Square wave 




3 


6 


mA 


Stop mode 
T a =25°C 






1 


MA 


Stop mode 
T a =70°C 






10 


ma 



TIMING REQUIREMENTS 

Single-Chip mode (V CO =5V±10%, V S s=0V, T a =25 , C, f (X|n) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsil(POD— <4) 


Port P0 input setup time 


270 






ns 


^SUCPID— 4>) 


Port P1 input setup time 


270 






ns 


tsU(P2D— <A) 


Port P2 input setup time 


270 






ns 


tsUCPSD— <4) 


Port P3 input setup time 


270 






ns 


tsU(RD— <(>) 


Port R input setup time 


330 






ns 


thc^*— POD) 


Port P0 input hold time 









ns 


th(<*— P1D) 


Port P1 input hold time 









ns 


thC-ifr— P2D) 


Port P2 input hold time 









ns 


thC^— P3D) 


Port P3 input hold time 









ns 


th(<6— RD) 


Port R input hold time 









ns 


tc 


External clock input cycle time 


250 






ns 


t w 


External clock input pulse width 


75 






ns 


tr 


External clock rising edge time 






25 


ns 


tf 


External clock falling edge time 






25 


ns 
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Memory expanding mode and eva-chip mode 

(V CC =5V±10%, Vss=0V, T a =25°C, f ( X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsiKPOD— <f>) 


Port PO input setup time 


270 






ns 


tsU(P1D— <f>) 


Port Pi input setup time 


270 






ns 


IsuCrdy— <t>) 


RDY input setup time 


150 






ns 


tsiJ(P2D— <t>) 


Port P2 input setup time 


270 






ns 


th(?v— POD) 


Port PO input hold time 









ns 


th(<*— pid) 


Port P1 input hold time 









ns 


th(<fi— RDY) 


RDY input hold time 


500 






ns 


t|-)(<*-P2D) 


Port P2 input hold time 









ns 



MiCrOprOCeSSOr mode (V CC =5V±10%, V ss =0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


' Min. 


Typ. 


Max. 


tsu(0— RDY) 


RDY input setup time 


150 






ns 


tsU(P2D— 9*) 


Port P2 input setup time 


270 






ns 


th(<*— RDY) 


RDY input hold time 


500 






ns 


th(<*— P2D) 


Port P2 input hold time 









ns 



SWITCHING CHARACTERISTICS 

Single-Chip mode (V CO =5V±10%, V ss =0V, T a =25'C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tcKfS-POQ) 


Port P0 data output delay time 


Fig.17 • 






230 


ns 


td(0-pia) 


Port P1 data output delay time 






230 


ns 


td(<4-P2Q) 


Port P2 data output delay time 






230 


ns 


tdU-P3Q) 


Port P3 data output delay time 


Fig.18 






200 


ns 


tdU-RA) 


Port R address output delay time 


. Fig.17 






200 


ns 


*d(<*-RAF) 


Port R address output delay time 







200 


ns 


td(<A-RQ) 


Port R data output delay time 






200 


ns 


*d(s*-RQF) 


Port R data output delay time 






200 


ns 


tdCsA-CE) 


CE output delay time 


Fig.19 






200 


ns 


td(^-RW) 


R/W output delay time 






100 


ns 



Memory expanding mode and eva-chip mode 



(V CC =5V±10%, V S s=0V, T a =25°C, f ( X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(«*-POA) 


Port P0 address output delay time 


Fig.17 






250 


ns 


td(9*-POAF) 


Port P0 address output delay time 






250 


ns 


td(^-POQ) 


Port P0 data output delay time 






200 


ns 


td(0-POQF) 


Port P0 data output delay time 






200 


ns 


tdU-p-iA) 


Port P1 address and control signal delay time 






250 


ns 


td(<*-P1AF) 


Port P1 address and control signal delay time 






250 


ns 


td(<*-p-io) 


Port P1 data output delay time 






200 


ns 


td(<*-P1QF) 


Port P1 data output delay time 






200 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






200 


ns 


td(<*-P2QF) 


Port P2 data output delay time 






200 


ns 
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MiCrOprOCeSSOr mode (V C c=5V±10%, V ss =0V, T a =25°C, f (X|n) =4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(<*-POA) 


Port PO address output delay time 


Fig.17 






250 


ns 


td(0-PiA) 


Port P1 address and control signal delay time 






250 


ns 


tdU-P2Q) 


Port P2 data output delay time 






200 


ns 


td(0-P2QF) 


Port P2 data output delay time 






200 


ns 







-^- Vcc 




P0 

pi 

P2 
R 

4> 


< ikQ 


jlOOpF 


1 ° 
= 100pF 















P3 

4> 




k 1- ° 

<\kQ, j100 P F 
777 777" 


1 ° 
j100 P F 















CE 

R/W 






1 ' ° 
jlOOpF 


i ° 
jlOOpF 







Fig.17 Ports PO~P2, R test circuit Fig. 18 Port P3 test circuit 



Fig. 19 CE and R/W test circuit 
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TIMING DIAGRAMS 

In single-chip mode 













< 


/ 




</> 




N 






> 


ia(^— hoo; 






Port PO output 


r 
















tsu(POD-0) 

/ 






Port PO input 




f 


\ 


^ 


> 


td(^Pio) 




n th(0 POD) 


Port P1 output 


r 
















tsu(P1D 4>) - 






Port P1 input 




f 


X 




>< 


. td(0-P2O) 




r th(0 -PiD) 


Port P2 output 


r 
















tsu(P2D -tf) 






Port P2 input 




r 


X 




> 


td(«i-P30) 




th(0-P2D) 


Port P3 output 


' 






- 










tsu(P3D -0) 






Port P3 input 




' 


X 














•^th(0-P3D) 
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In single-chip mode (continued from the preceding page) 



Port R output 



Port R input 



CE 



R/W 



X 



td(* RA) 



X 



td(0-CE) 



\ / 



X 



td(*-Rw) 



td(0 RAF) 



xx 



td(0 -ro) 



tsu(RD 0) 



s 



X 



tdU-ROF) 



X 



th(0 RD) 



X 



X 



f(x, N ) 
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In memory expanding mode and eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



RDY input 



X 



Port P2 output 



Port P2 input 



\ /' 



x 



td(^-POA) 



>: 



tdu-PiA) 



tsU(RDY-^) 



y 



x 



th(0-RDY) 



td(0-P2O) 



td(^-POAF) 



xx 



'td(^-poo) 



tsu(P0D-<4) 



y 



td(0-P1AF) 



>x 



'td(^-Pio) 



tsil(P1D-0) 



y 



td(^-P20F) 



XX 



tsu(P2D-<6) 



y 



x 



td(^-POOF) 



X 



X 



thU-POD) 
td(0-P1OF) 



K 



th(^-PlD) 



X 



X 



th(0-P2D) 
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In microprocessor mode 



Port PO output 



Port P1 output 



RDY input 



X 



Port P2 output 



Port P2 input 



\ / 



x 



td(0-POA) 



>: 



td(^-PiA) 



tsu(RDY-«ji) 



y 



th(<6-RDY) 




X 
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DESCRIPTION 

The M50742-XXXSP and the M50708-XXXSP are single- 
chip microcomputers designed with CMOS silicon gate 
technology. Both are housed in a 64-pin shrink plastic 
molded DIP (flat package type also available). These sing- 
le-chip microcomputers are useful for business equipment 
and other consumer applications. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50742-XXXSP and the 
M50708-XXXSP are noted below. The following explana- 
tions apply to the M50742-XXXSP. Specification variations 
for other chips are noted accordingly. 



Type name 


ROM size 


M50742-XXXSP 


4096bytes 


M50708-XXXSP 


6144bytes 



The differences between the M50742-XXXSP and the 
M50742-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions • • •••• 69 

• Memory size ROM 4096bytes (M50742-XXXSP) 

61 44bytes ( M50708-XXXSP) 
RAM • 128bytes 

• Instruction execution time 

2/iS (minimum instructions at 4MHz frequency) 

• Single power supply f(X, N )=4MHz 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) 
• 15mW (V CC =5V, Typ.) 

• Subroutine nesting 64 levels (Max.) 

• Interrupt 7 types, 5 vecters 

• 8-bit timer ■'•••3 (2 when used as serial I/O) 

• Programmable I/O (Ports PO, P1, P2, P3, P4) 40 

• Input port(Port P5) -8 

• Output port(Port P6)-- 8 

• Serial l/0(8-bit) 1 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN 


CONFIGURATION (TOP VIEW) 


Vcc E 




U^P4 






P67-E 




U**P4 1 






P6 6 *-E 




1U^P4 2 






P6 5 ^E 




6l]^P4 3 






P6 4 ^E 




60]«--P4 4 


I/O port P4 


Output port P6 


P6 3 — E 
P6 2 -E 

P6, — E 

P60-E 

P2 7 ^E 
P2 6 ~E 




U^P45 

m~P4 6 

H— p 4/ 

m^poo 

n ~ po, 

54]^P0 2 






P2 5 ~[l2 
P2 4 — m 




!~P0 3 

m-^po 4 


I/O port P0 


I/O port P2 


P2 3 -E 

P2 2 «-ni 


Ol Ol 




ID^pos 

U^P0 6 






P2t— in 


O 2 

00 ro 


1]~P0 7 






P2 *-E 


1 ~» 1 
X X 


U— P1 






P3 7 /S RDY ~ EI 


X x 
X x 


U— P1, 






P3 6 /CLK--[T9 


CO U) 
"0 "O 


46|**P1 2 






P3 5 /S OU T ** H 




H~P1 3 


I/O port P1 


I/O port 


P3 4 /S, N ** Hi 




33**pi 4 




P3 


P3 3 /CNTR-^[1 

P3 2 /INTl «- H 

P3, ** [24 

P3o^H 




H~pi 5 
H~pi 6 

4D**P17 
12l*-P5o 




Interrupt input INTt — ♦ [26 




U — ps. 




CNVss E 




1]*-P5 2 




Reset input RESET -* [28 




37)— P5 3 




Clock input X| N — - [29 




H«-P5 4 


Input port P5 


Clock output Xqut " — 122 




H*-P5 5 




Timing output 0«-[37 




m— P5 6 




Vss 1 




1-P5 7 




Oi 


Jtline 64P< 


IB 




Tj-^OoOOOOOOOT-T-T-T-l-T-1-T- i Oin 


Q.Q.ZQ.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.1ZQ. 




n itintiiiitiiit.i i 






|w||^^I|M||53l|52||5lMl|4i^^ 


L 


P4 5 -»-[i 




H+-P5, 


P4 4 -~[59 




I]«-P5 2 


P4 3 ~[60 


O 


S - P5 3 


P4 2 «-H! 


U — P5 4 


P4l ~[62 




E-P5 5 


P4 ^[l 




H]^P5 6 


NC H 


M50742-XXXFP 


l£]-P5 7 


Vss 1 


or 


U V ss 


NC H 


M50708-XXXFP 


U— <t> 


Vcc HZ 




H — Xqut 


P67—OI 




H«-x, N 


P6 6 *-l 


■ 


U PRESET 


P6 5 ^H 


; O O 


E CNVss 


P6 4 ^[Z5 




H NC 


P6 3 *-[2 




1] NC 




Il||2||3||4||5||6||7||8||9||l0||ll||l2|h3«14||l5||l6||l7||l8||l9«20||2 


I 




jjiiiiiiitm'imiif 




(OCOCOCVICVJCMCMCVJCMCMCNi|ci 2t : 3 ,„ £ U- CO COl h" is 
0.0.0.0.0.0.0.0.0.0.0.0:^ oWH z q.q. 2 Z 


^"^■^co O ^ 


co co co a- ">,cp 


0- Q- Q_ co a- 


QL 


Outline 72P6 NC : No connection 
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Clock Clock Timing 

input output output 



Interrupt 

input 

INT, 



Reset input 
RESET 



(5V) 
V C c 
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V ss 
<32> 
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CNVss 

{27}- 



1 



Clock generating circuit 



SZ 



Processor 

status 

register 

PS (8) 



<*> 



Program 
counter 

PC H (8) 



Program 
counter 

PC L (8) 



<~> 



<*£. 



Stack 
pointer 

S(8) 



^\ 



Prescaler 
PRE12(8) 



L 



JJ 



Z- 



Timer 1 

T1(8) 



L 



2- 



Timer 2 . 
T2(8) \ 



c=^\ . Lg 



Instruction 
register (8) 



I 



Instruction 
decoder 



Control 
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Output port P6 Input port P5 

Note 1 : 6144 bytes for M50708-XXXSP 
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FUNCTIONS OF 


M50742-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2/us (minimum instructions, at 4MHz frequency) 


Memory size 


ROM 


4096bytes (6144bytes for M50708-XXXSP) 


RAM 


128bytes 


Input/output port 


INTt 


Input 


1-bitX1 


PO, P1, P2, P3, P4 


I/O 


8-bitX5 (part of P3 are in common with serial I/O) 


P5 


Input 


8-bitX1 


P6 


Output 


8-bitX1 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalerX2+8-bit timerX3 (8-bit timerX2 when serial I/O is used) 


Subroutine nesting 


64 levels (max.) 


Interrupts 


Two external interrupts (1 of external interrupt is in common with port P3 2 ) 
Three timer interrupts (or timerX2, serial 1/0X1 ) ' 


Clock generating circuit 


Built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


At high-speed mode 


15mW (at 4MHz frequency) 


Input/output characteristics 


Input/output voltage 


9V (Ports PO, P1, P2, P3, P4, P5, P6, INT^) 


Output current 


5mA (Ports PO, P1, P2, P3, P4, P6) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50742-XXXSP, M50708-XXXSP 


64-pin shrink plastic molded DIP 


M50742-XXXFP, M50708-XXXFP 


72-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V C c, and OV to V S s- 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2jus (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X ut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 





Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an I/O pin for the timer X. 


IntT 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P1 ~P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , 

P3 6 , P3 5 , and P3 4 work as S RD y, CLK, S ut, and S tN pins, respectively. 

Also P33 and P3 2 work as CNTR pin and the lowest order interrupt input pin (INT 2 ) , respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 


P6 ~P6 7 


Output port P6 


Output 


Port P6 is an 8-bit output port. The output structure is N-channel open drain. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50742-XXXSP is shown in Figure 

1. Addresses F000 16 to FFFF 16 are assigned to the built-in 

ROM area which consists of 4096 bytes. 

Addresses E800 16 to FFFF 16 are the ROM address area 

assigned to the M50708-XXXSP. 

Addresses FF00 16 to FFFF 16 are a special address area 

(special page) . By using the special page addressing 

mode of the JSR instruction, subroutines addressed on this 



page can be called with only 2 bytes. Addreeses FFF4 16 to 
FFFF 16 are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 007F 16 are assigned to the built-in 
RAM and consist of 128 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 



Decimal 



Zero page 



RAM 
(128 bytes) 



ROM 
(6144 bytes) 

for 
M50708 

-XXXSP 



ROM 
(4096 bytes) « 
for 
M50742-XXXSP 



Special 
page for 
subroutine 4 
call 



0000 16 

007F 16 

00E0 ie 
00FF 16 

E800 16 
F000 1£ 

FF00 16 



FFF4 1( 



FFFF 1( 



Not used 



Not used 



Address L 
Address H 
Address L 
Address H 
Address L 



Address L 
Address H 
Address L 
Address H 



Address L 
Address H 



Huuress n 
Address L 
Address H 



127 



255 



INT 2 \ 

S I/O or Timer 2 ' 
Timer 1 
Timer X 



J 65535 



INT, 
RESET 



00E0 16 


Port P0 


00E1 16 


Port pd directional 
Port po register 


00E2 16 


Port P1 


00E3 16 


_. . _. . directional 
Port P1 register 


00E4 16 


Port P2 


00E5 16 


Pnrt po directional 
™ n v * register 


00E6 16 




0OE7 16 




00E8 16 


Port P3 


00E9 16 


Pnrt P'i directional 
™ rt HJ register 


00EA 16 


Port P4 


00EB 16 


Port P4 directional 
irH register 


00EC 16 


Port P5 


00ED 16 




0OEE 16 


Port P6 


0OEF 16 




00F0 16 




0OF1 16 




00F2 16 




00F3 16 




00F4 16 




00F5 16 




00F6 16 


Seriall/0 Ser 


00F7 16 


Serial I/O register 


00F8 16 




0OF9 16 


Timer 1, 2 prescaler 


00FA 16 


Timer 1 


00FB 16 


Timer 2 


00FC 16 


Timer X prescaler 


00FD 16 


Timer X 


v 00FE 16 


Interrupt control register 


\ 00FF 16 

\ 


Timer control register 



Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



7 







A 


7 







X 


7 







Y 


7 







S 



15 


7 


PC H 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

• Carry flag 
Zero flag 

■ Interrupt disable, flag 

• Decimal mode flag 

■ Break flag 

■ Inde* X mode flag 

■ Overflow flag 
. Negative flag 



Fig. 2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an, 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The location of the stack can be determined by the stack 
page bit (bit 4 at address 00FF 16 ) . When bit 4 is "0" and 
the contents of the stack pointer is XX 16 , the stack address 
is set to 00XX 16 . When bit 4 is "1", the stack address is set 
to 01XX 16 . When using this microcomputer in the single- 
chip mode, the stack page bit must be "0" and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTl) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it wHI be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. . 

Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 ' 


FFFF 16l FFFE 16 


int7 


2 


FFFD 16l FFFC 16 


Timer X 


3 


FFFB 16 , FFFA 16 


Timer 1 


4 


FFF9 16 , FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16 , FFF6 16 


INT 2 (BRK) 


6 


FFF5 16 , FFF4 16 



INTERRUPT 

The M50742-XXXSP can be interrupted from seven souces; 
INTl timer X, timer 1, timer 2/serial I/O, or INT 2 /BRK in- 
struction. 

However, the INT 2 pin is used with port P3 2 and the corres- 
ponding directional register bit should be set to "0" when 
P3 2 is used as an interrupt input pin. 

The value of bit 2 of the serial I/O mode register (address 
00F6 16 ) determine whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
3, and when bit 2 is "1" the interrupt is from serial I/O; Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
"1". All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 



^P 



rO 



rO 



a 



Interrupt 
request 



^P 



I — IntermDt disable flac 



Interrupt disable flag I 



7 































I 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : INT r pin interrupt request bit 

Bit 6 : INT n pin interrupt enable bit 

Bit 5 : Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 .' Timer 2 interrupt or serial I/O interrupt request bit 

Bit 2 : Timer 2 interrupt or serial I/O interrupt enable bit 

Bit 1 : INT 2 pin interrupt request bit 

Bit ! INT 2 pin interrupt enable bit 

Timer control register (Address 00FFi 6 ) 
Bit 7 : Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
Bit 5 : Timer X count stop bit . 
Bit 4 : Stack page bit 
Bit 3 : 
Bit 2 : 
Bit 1 : 



Timer X mode bit 



BitO : 



Processor mode bit 



Fig.3 Interrupt control 
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the interrupt request bit are both "1" and the interrupt dis- 
able flag is "0". 

The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the INT^ or INT^ pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



TIMER 

The M50742-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial I/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
"1", the timer X will stop regardless of which mode it is in. 
A block diagram of timer X, timer 1 and timer 2 is shown in 
Figure 4. 

The P3 3 /CNTR pin cannot be used as CNTR when P3 3 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
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Fig.4 Block diagram of timer X, timer 1 and timer 2 
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vider. The division ratio is defined as 1/(n+l), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero. 
The four modes of timer X as follows: 

(1) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock sourse. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con-, 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 



Timer control register (Address 00FFi 6 ) 

■ Processor mode bit 

00 : Single-chip mode 

01 : Memory expanding mode 

10 : Microprocessor mode 

11 •* Eva-chip mode 



Timer X mode bit 
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Fig. 5 Structure of timer control register 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 6. 
In the serial I/O mode the receive raady signal (S RDY ), syn- 
chronous input/output clock (CLK), and the serial I/O pins 
(Squt, S| N ) are used as P3 7 , P3 6l P3 5 , and P3 4 , respectively. 
The serial I/O mode register (address 00F6 16 ) is 4-bit reg- 
ister. Bits 1 and of this register is used to select a syn- 
chronous clock source. 

When these bits are [00] or (01) , an external clock from 
P3 6 is selected. When these bits are (10), the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are (11), oscillator frequency 
divided by 16, becomes the clock. 

Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a "1", P3 6 becomes an I/O 



pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P3 6 
and P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 2. Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal (Bit 3=1, S RDY ) or used as normal I/O pin 
(Bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 
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Fig.6 Block diagram of serial I/O 
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Internal Clock— The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M50742-XXXSP is ready to receive the external serial data. 
The S RDY signal goes "H" at the next falling edge of the 
transfer clock. The serial I/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P3 5 . During the 
rising edge of this clock, data can be input from P3 4 and 
the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 



External Clock — If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop.- 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 7. An example of communication between 
two M50742-XXXSPS is shown in Figur 8. 
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Fig. 7 Serial I/O timing 
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Fig. 8 Example of serial I/O connection 
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RESET CIRCUIT 

The M50742-XXXSP is reset according to the sequence 
shown in Figure 9. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/j.s while the power voltage is in the recom- 



mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 10. 
An example of the reset circuit is shown in Figure 11. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X| N -X OU t becomes stable. 



f(x, N ) 



_ruihr Jihfiniififir 



RESET 

SYNC 
Address 
Data 




8 — 12 clock cycles 



Reset address from the 
vector table 



Note 1 : Frequency relation of f(X, N ) and is f(X| N )=4*0 

2 .: The mark " ? " means that the address is changeable 
depending on the previous state. 



Fig.9 Timing diagram at reset 



Address 


(1) Port P0 directional register ( E1 16 )—| 16 | 




(2) Port P1 directional register ( E 3 16 ) --- 1 16 | 




(3) Port P2 directional register ( E 5 16 ) <•■ | 16 | 




(4) Port P3 directional register ( E 9 16 ) ••• | 16 I 




(5) Port P4 directional register ' ( E B 16 ) — | • 16 | 




(6) Port P6(Note1) ( E E 16 ) •-• | F F 16 | 




(7) Serial I/O mode register ( E 6 16 ) - | | |o|o|o|o| 




(b) Prescaler X ( EC 1( $ )-| ff 16 | 




jammer a ( FDl6 )...| l 16 | 




(lu) Interrupt control register ( F E-| 6 ) ••• I " o I 




(II) i imer control register ( F F 16 ) • • • 1 oo, 1 




W'i) Interrupt disable flag on ( ps ) ••• 1 1 1 1 1 ll 1 1 1 




(13) Program counter ( PCm ) — I c °" tents ^^^ ° f I 

° v ^ H ' | address FFFF16 




( DO ^ ... I Contents of I 
\ ^ ^>L ) | address FFFE 16 | 


Note 1 : Port P6 is the high-impedance state during reset. 
After return from reset, it is "FF 16 ". 
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Fig. 11 Example of reset circuit 



Fig. 10 Internal state of microcomputer at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

Pull-up transistor can be specified as an option. As 
shown in the memory map (Figure 1), port PO can be 
accessed at zero page memory address 00E0 16 . Port 
PO has a directional register (address 00E1 16 ) which 
can be used to program each individual bit as input 
("0") or as output ("1"). If the pins are programmed as 
output, the output data is latched to the port register 
and then output. When data is read from the output port 
the output pin level is not read, only the latched data in 
the port register is read. This allows a previously output 
value to be read correctly even though the output vol- 
tage level is shifted up or down. Pins set as input are 
in the floating state and the signal levels can thus be 
read. When data is written into the input port, the data 
is latched only to the port latch and the pin still remains 
in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 
For more details, see the processor mode information. 

(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O, INT 2 and I/O pins for timer X. For more details, 
see the processor mode information. 

(5) Port P4 

Port P4 is an 8-bit I/O port with P-channel open drain 
outputs. This port also has the pull-down transistor 
option. 

(6) PortP5 

Port P5 is and input port with pull-up transistor option. 

(7) Port P6 

Port P6 is an output port. It has N-channel open drain 
output with pull-up transistor option. See Figure 12 for 
more details. 



(8) Clock <f> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as <t>. 

(9) INTi pin_ 

The INT-i pin is an interrupt input pin. The INT-, inter- 
rupt request bit (bit 7 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(10) TNTi pin (P3 2 /lNT^ pin) 

The INT 2 pin is an interrupt input pin used with P3 2 . To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input ("0"). When this 
signal level changes from "H" to "L", the interrupt re- 
quest bit (bit 1 at address 00FE 16 ) is set to "1". 

(11) CNTR pin (P3 3 /CNTR pin) 

The P3 3 /CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input ("0"). In the event coun- 
ter mode, CNTR becomes the input pin of the external 
pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
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Fig. 12 Block diagram of ports P0~P6 (single-chip mode) and output format of <t> 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 14 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 13. 
By connecting CNV S s to V ss , all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV S s to V C c automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNV SS places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 
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Fig. 13 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to Vss- Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV SS is connected to V S s and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D 7 ~D (including in- 
struction code) and loses its nomal I/O functions. P3 2 
of port P3 becomes the input port. Pins P3i and P3 
output the SYNC and R/W control signals, respectively 
when <t> enters into the "H" state. Port P3 2 functions as 
an input port during this same transition. 

(3) Microprocessor mode [10] 

After connecting CNV SS to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the databus (D 7 ~D ) and loses 
its normal I/O functions. Port P3t and P3 become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV SS pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port P0 is output 
when goes to "H" state. When 4> goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
^goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original output functions while <f> is at the "H" state, 
and works as a data bus of D 7 ~D (including instruc- 
tion code) while at the "L" state. Pins P3t and P3 out- 
put the SYNC and R/W control signals, respectively 
while <f> is in the "H" state. When in the "L" state, P3 2 , 
P3i and P3 retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 
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Fig. 14 Processor mode and functions of ports P0~P3 



Table 2 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


Vss 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
17. 

When the STP instruction is executed, the oscillation of in- 
ternal clock is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock 4> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address 00FF 16 ) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 15. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 




Fig. 15 External ceramic resonator circuit 
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Fig. 16 External clock input circuit 
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The example of external clock uasge is shown in Figure 16. 
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S 



WIT 
instruciton 



S Q 







\VZ 



o s 



Kin 



-STP instruction 



OH 



1/2 



Internal clock <f> 



1/8 




Prescaler X 



Overflow 



Timer X count stop bit 



O O 

Xin Xqut 



Fig. 17 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) Mask ROM confirmation form 

(2) Mark specification form 

(3) ROM data EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• Port PO pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit v 

• Port P3 pull-up transistor bit 

• Port P4 pull-down transistor bit 

• Port P5 pull-up transistor bit 

• Port P6 pull-up transistor bit 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to Vss- 

Output transistors are at "off" state. 


—0.3—7 


V 


V, 


Input voltage, RESET, X !N 


—0.3—7 


V 


V, 


Input voltage, P4 ~P4 7 


-0. 3~V cc +0. 3 


V 


V, 


Input voltage, P0 o ~P0 7 , P1 ~Pl7, P2 ~P2 7 , P3 ~P3 7 , 
P5 ~P5 7 , CNTR, IntT 


—0,3—11 


V 


v, 


Input voltage, CNV S s 


—0.3—13 


V 


Vo 


Output voltage, P4 ~P4 7 , X 0UT , <t> 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage, P0 o ~P0 7 , P1 ~P1 7 . P2 ~P2 7 , P3 ~P3 7 , 
P6 ~P6 7 


—0.3—11 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note1 ) 


mW 


Topr 


Operating temperature 




— 10—70 


°C 


Tstg 


Storage temperature 




—40—125 


°C 



Note 1 : 300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (V cc = 5V±10%, T a = -10~70C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V, H 


"H" input voltage, P0 ~P0 7 , P1o~P1 7 . P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 


0. 8V CC 




Vcc 


V 


INT 1f RESET, X, n , CNVss 


v, L 


"L" input voltage, P0 ~P0 7 , P1 ~Pl7, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 
INTT, CNVss 







0. 2V CC 


V 


V 1L 


"L" input voltage, RESET 







0.1 2 Vcc 


V 


V, L 


"L" input voltage, X| N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current, P0 ~P0 7 , P1 — P1 7 . P2 ~P2 7 , 
P3o~P3 7 , P6 ~P6 7 






10 


mA 


loL(avg) 


"L" average output current, P0 o ~P0 7 , P1 ~P1 7 , 
P2 ~P2 7 , P3 ~P3 7 , 
P6 ~P6 7 (Note2) 






5 


mA 


'oH(peak) 


"H" peak output current, P4 ~P4 7 






-10 


mA 


loH(avq) 


"H" average output current, P4 ~P4 7 (Note 2) 






-5 


mA 


f(x 1N ) 


Internal clock oscillating frequency 






4 


MHz 



Note 2 
3 



loaavg). 'oH(avg) is the average current in 100ms. 

The total of loL(peak) of PO, P1, P2, P3, P6 should be 80mA max, and the total of l H(peak) of p4 

should be 80mA max. 

"H" input voltage of ports P0, PI, P2, P3, P5 and INTt is available up to + 9 V. 
(For ports, it is only when pull-up transistor is omitted.) 
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ELECTRICAL . CHARACTERISTICS (Vcc = 5V, V ss = OV, T a = 25°C, f (X|N > = 4MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


Voh 


"H" output voltage, P4 ~P4 7 


l O H = -10mA 


3 






V 


Voh 


"H" output voltage, <f> 


Ioh = -2. 5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7> P1 ~Pl7. P2 ~P2 7 , 
P3 ~P3 7 , P6 ~P6 7 


l O L=10mA 






2 


V 


Vol 


"L" output voltage, <f> 


Iol = 5mA 






2 


V 


V t +-V t - 


Hysteresis, P3 6 


When used as CLK input 


0.3 




1 


V 


V T +-V T - 


Hysteresis, IN^ 




0.3 




1 


V 


V T +-V T _ 


Hysteresis, P3 2 


When used as INT2 input 


0.3 




1 


V 


V T +-V T _ 


Hysteresis, P33 


When used as CNTR input 


0.3 




1 


V 


V T +-V T _ 


Hysteresis, RESET 






0.5 


0.7 


V 


V t +-V t - 


Hysteresis, X| N 




0.1 




0.5 


V 


l|L 


"L" input current, P0 ~P0 7 , P1 ~P17. P2 ~P2 7 , 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


V, = 0V 

without pull-up transistor 






-5 


juA 


I.L 


"L" input current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


V, = 0V 

with pull-up transistor 


-40 


-70 


-125 


M A 


I.L 


"L" input current, P4 ~P4 7 


V, = OV 






-5 


M A 


l|L 


"L" input current, INT^ RESET, X, N 


V, = OV ' 






-5 


M A 


I.H 


"H" input current, P0 ~P0 7 , P1 ^P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


V, = 9V 

without pull-up transistor 






9 


/uA 


l,H 


"H" input current, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


V, = 5V ' 

with pull-up transistor 






5 


M A 


I.M 
I.H 


"H" input current, P4 ~P4 7 


V, = 5V 

without pull-down transistor 






5 


MA 


"H" input current, P4 ~P4 7 


V, = 5V 

with pull-down transistor 


40 


70 


125 


M A 


I.H 


"H" input current, INTJ, RESET, X, N 


V, = 5V 






5 


m a 


Vram 


RAM retention voltage 


At clock stop 


2 






V 


Ice 


Supply current 


P-channel open- 
drain output pins are 
to V C c, output pins 
are open, other I/O 
pins are connected 
to V ss - 


f (X|N ) = 4MHz 
square wave 




3 


6 


mA 


T a = 25°C 
At clock stop 






1 


M A 


T a = 70°C 
At clock stop 






10 


M A 
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TIMING REQUIREMENTS 

Single-Chip mode ( Vcc = 5V±10%, V ss = OV, T a = 25°C, I (XlN) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (POD-0) 


Port PO input setup time 


270 






ns 


tsii (P1D-0) 


Port PI input setup time 


270 






ns 


tsU (P2D-0) 


Port P2 input setup time 


270 






ns 


tsU (P3D-0) 


Port P3 input setup time 


270 






ns 


tsU (P4D-0) 


Port P4 input setup time 


270 






ns 


tsi-1 (P5D-0) 


Port P5 input setup time 


270 






ns 


th (0-POD) 


Port PO input hold time 


20 






ns 


th (0-pid) 


Port Pi input hold time 


20 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 


th (0-P3D) 


Port P3 input hold time 


20 






ns 


*h (0-P4D) 


Port P4 input hold time 


20 






ns 


th (0-P5D) 


Port P5 input hold time 


20 






ns 


tc 


External clock input cycle time 


250 






ns 


t w 


External clock input pulse width 


75 






ns 


tr 


External clock rising edge 






25 . 


ns 


tf 


External clock falling edge 






25 


ns 



Eva-chip 


mode (v cc = 5v±io%, 


V S s = 0V, T a = 25°C, f (X|N ) 


= 4MHz, unless otherwise noted) 










Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (POD-0) 


Port P0 input setup time 


270 






ns 


tsU (P1D-0) 


Port PI input setup time 


270 






ns 


tsil (P2D-0) 


Port P2 input setup time 


270 






ns 


th (0-POD) 


Port P0 input hold time 


20 






ns 


th (0-pid) 


Port P1 input hold time 




- 


20 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 



Memory expanding mode and microprocessor mode 









(Vcc = 


= 5V±10%, V ss = 


0V, T a = 


25°C 


f(x lN ) = 


4MHz, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-0) 


Port P2 input setup time 


270 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (Vcc = 5V±10%, V ss = OV, T a = 25'C, f (X|N) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*-POQ) 


Port PO data output delay time 


Fig.18 






230 


ns 


td(<*-piQ) 


Port P1 data output delay time 






230 


ns 


tdU-P2Q) 


Port P2 data output delay time 






230 


ns 


td(<*-P3Q) 


Port P3 data output delay time 






230 


ns 


td(<*-P4Q) 


Port P4 data output delay time 


Fig.19 






230 


ns 


td(<*-P6Q) 


Port P6 data output delay time 


Fig.18 






230 


ns 



Eva-chip 


mode (V C c = 5V±10%, V ss = 0V, T a = 25°C, f (X|N ) = 4MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0-POA) 


Port PO address output delay time 


Fig.18 






250 


ns 


td(0-POAF) 


Port PO address output delay time 






250 


ns 


td(<*-POQ) 


Port PO data output delay time 






200 


ns 


td(0-POQF) 


Port PO data output delay time 






200 


ns 


td(<*-P1A) 


Port Pi address output delay time 






250 


ns 


td(<*-P1AF) 


Port Pi address output delay time 






250 


ns 


td(0-pio) 


Port Pi data output delay time 






200 


ns 


td(s*-P1QF) 


Port P1 data output delay time 






200 


ns 


td(«*-P2Q) 


Port P2 data output delay time 






300 


ns 


td(0-P2QF) 


Port P2 data output delay time 






300 


ns 


td(«*-R/w) 


R/W signal output delay time 






250 


ns 


td(0-R/WF) 


R/W signal output delay time 






250 


ns 


td(<*-P3 Q) 


Port P3 data output delay time 






200 


ns 


td((*-P3 QF) 


Port P3 data output delay time 






200 


ns 


*d((*-SYNC) 


SYNC signal output delay time 






250 


ns 


*d(<*-SYNCF) 


SYNC signal output delay time 






250 


ns 


tdC^-pa^) 


Port P3t data output delay time 






200 


ns 


tdU-PS^F) 


Port P3t data output delay time 






200 


ns 


td(0-P3 2 Q) 


Port P3 2 data output delay time 






200 


ns 


td( < A.p3 ? Q F ) 


Port P3 2 data output delay time 






200 


ns 



Memory expanding mode and microprocessor mode 



(V CC = 5V±10%, Vss = 0V, T a = 25°C, f (X|N ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*-POA) 


Port PO address output delay time 


Fig.18 






250 


ns 


*d(^-PiA) 


Port PI address output delay time 






250 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






300 


ns 


td(<*-P2QF) 


Port P2 data output delay time 






300 


ns 


td(<£ -R/W) 


R/W signal output delay time 






250 


ns 


td(0 -SYNC) 


SYNC signal output delay time 






250 


ns 




Fig.18 Ports PO, P1, P2, P3, P6 test circuit 











P4 

4> 




■I I ° 
iz100pF| lkfl 


i ' ° 






-r 100pF 



Fig.19 Port P4 test circuit 
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TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port P5 input 



Port P6 output 



f(X, N ) 



\ 



x 



- td (0-POQ) 



>; 



-td (0-p-IQ) 



>: 



-td (0-P2Q) 



>: 



-td (0-P3Q) 



x 



-td (0-P4Q) 



x 



- td U~P6Q) 



tsU (POD-0)- 



A 



tsu (P1D-0)— *■ 



■SU (P2D-0)— *• 



A 



A 



tsU (P4D-«J)- 



A 



^U (P5D-tf)— > 



/' 



v 

I— th( 



v 



-th (^-pod) 



V 



-th (0-P2D) 



V 



-* th U-P3D) 



K 



-*— th (0-P4D) 



K 



-*— th (0-P5D) 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



y 



Port P3 output (R/W) 



PortPS! output (SYNC) 



Port P3 2 output 



x 



X 



- t(j (0-POA) 



>: 



■ td (0-pia) — *■ 



>; 



- t(j (0-P2Q) — *~ 



x 



" td (0-R/W) *" 



y 



"* — td (0-POAF) 



x><: 



- td U-POQ) 



-A 

tsu (POD- 4>) ■ 



A 



• td (0-P1AF) 

x>cz 



; td (0-piq) 



tsU (P1D-0) yi 



- td U-P2QF) 



>X 



tsU (P2D-0) 



" td (0-R/WF) 



»: 



td (0-P3 o Q) 



■ td (0-P3,QF) 




- td (0-POQF) 



X 
X 



<, — tp (0-POD) 

"*— td (0-P1QF) 



X 



*« — th (?i-piD) 



x 



X 



X 



th (0-P2D) 
*~~ td (0-P3 o QF) 



<— td (?J-P3 2 QF) 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



/ 



Port P3 output (R/w) 



Port P3i output (SYNC) 



\ ^' 



X 



-t<j (0-POA) 



« t(j (^-P1 A ) 



X 



X. 



Floating 



X 



- td (0-R/W) 



x 



- t(j (tf-SYNC) 



* td (0-P2Q) 



X 



tsU (P2D-0) - 



X 



X 



X 



- td U-P2QF) 



x:::: 
\ 



- th (0-P2D) 



x 



X 
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DESCRIPTION 

The M50743-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50743-XXXSP and the 
M50743-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

® Memory size ROM 4096bytes 

RAM 128bytes 

® Instruction execution time 

Ijus (minimum instructions at 8MHz frequency) 

• Single power supply f(X, N )=8MHz 5V±10% 

• Power dissipation 

normal operation mode (at 8MHz frequency) •••• 30m W 

• Subroutine nesting 64 levels (Max.) 

• Interrupt 7 types, 5 vecters 

• 8-bit timer 3 (2 when used as serial I/O) 

• Programmable I/O (Ports PO, P1, P2, P3, P4) 40 

• Input ports (Port P5) 8 

• Output ports (Port P6) ••••8 

© Serial I/O (8-bit) • : • 1 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN 


CONFIGURATION (TOP VIEW) 


v co U 


\J 


U**P2 






P6 7 -ii 




D — P2 1 






P6 6 *-U 




62]— P2 2 






P65-E 




ei]— P2 3 






P6 4 +-[[ 




I]— P2 4 


I/O port P2 


Output port P6 


P63-E 
P6 2 -[7 

P61 *-[E 

P60-H 

P4 7 ^no 
p4 6 -[n 

P4 5 ^D1 




U— P2 5 

U~P2 6 
13— P2 7 
11— POo 
55] — po, 

13— P0 2 

H— P0 3 




I/O port P4 


P4 4 — [H 


S 


13^po 4 


I/O port PO 




P4 3 **[H 





10— po 5 






P4 2 «-[l5 


-J 


m— po 6 






P4 1 ^01 


w 


49] — P0 7 




P40-QZ 


X 
X 


1H-P10 






P3 7 /S RDY — [H 


X 


U-w-pi, 






P3 6 /CLK — DI 




H— pi 2 






P3 5 /Sout — H 




U-P13 




I/O 


P3 4 /S IN ~ W_ 




44]+*P1 4 


I/O port P1 


port P3 


P3 3 /CNTR — H 

P3 2 /lNT^ — [23 

P3!*-!! 




«l-M.P1 6i 

1~pi 6 
ID— pi 7 




P3 ** H 




40]^-P5o 




Interrupt input INT^ — *■ [26 




3?|— P5 1 






CNVss-^H 




H— P5 2 
37] — P5 3 




Reset input RESET -> [28 


Clock input X, N -* [29 




H«-P5 4 


Input port P5 


Clock output Xout *~ M 




1|-P5 5 




Timing output <}>+— 131 




U— P5 6 




Vss H 




U — P5 7 







utline 64P 


4B 




c\ic\jOooooooooT-T-T-T-!-T-i-i-Om 


Q.Q.ZD.Q.Q.Q.DLQ.Q.CLQ.Q.Q.Q.Q.CLQ.a.ZQ. 




n ttftftiiinttitt i 






[j^pli^iiil^ 


L 


P2 5 — d 




1 — P5, 


P2 4 **[I 




1 — P5 2 


P2 3 ~[60 


o 


1]^P53 


P2 2 — [I 


1-P5 4 


P2, — d 




1^P5 5 


P2 ~ \E 




1D*-P56 


NC [m 
Vss H 


M50743-XXXSP 


3£]-P5 7 

U V ss 


NC d 




D — 4> 


Vcc \E 




U-+XOUT 


AV SS [1 




U-x IN 


V REF — H 


• 


1] — RESET 


D-A— E 


o o 


13 CNV S s 


PWM— [H 




1] NC 


P6 3 ^\E 




U NC 




|jj| 2 || 3 || 4 || 5 I 6 || 7 || 8 || 9 I|l0||n||l2||l3||l4||l5||l6||l7||l8|[l9||20j|2 


I 




iininittnntinti 




<o co id z Z Z Z ^ ^ ^ <* co co co co £ (- co cp]i— ^ 
Q. a. Q. < < < < Q. Q. £L Q. 0- Q. a. a. ^|z Q- a- Z z 




^r ^ ^- Tt i: co 


O.Q.Q.O. ^^ 


0. 


Outline 72P6 NC : No connection 
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Interrupt 
input 

INT^ 

26) 



Reset input 
Reset 



(5V) 



(OV) 
V ss 



(OV) 
CNV SS 



1 



Clock generating circuit 



^Z. 



Processor 




Program 
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FUNCTIONS OF 


M50743-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


]/us (minimum instructions, at 8MHz frequency) 


Memory size 


ROM 


4096bytes 


RAM 


128bytes 


Input/output ports 


TntT, int^ 


Input 


1-bitX1 


PO, P1, P2, P3, P4 


I/O 


8-bitX5 (part of P3 is used for serial I/O, timer I/O and interrupt input) 


P5 


Input 


8-bitXl 


P6 


Output 


8-bitX1 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalersX2+8-bit timerX3 (2 when serial I/O is used) 


Subroutine nesting 


64 levels (max.) 


Interrupts 


Two external interrupts, three internal timer interrupts (or timerX2, serial l/OXl ) 


Clock generating circuit 


Built-in (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


At high-speed operation 


30mW (at 8MHz frequency) 


Input/Output characteristics 


Input/Output voltage 


5V 


Output current 


5mA (ports PO, P1, P2, P3, P4, P6) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50743-XXXSP 


64-pin shrink plastic molded DIP 


M50743-XXXFP 


72-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V C c- and OV to V S s- 


CNV S s 


CNVss 




This is usually connected to Vss- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2,us (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be mained 
for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and Xout pins. If an external clock is used, the clock 
source should be connected the X| N pin and the X ut pin should be left open. 


X UT 


Clock output 


Output 


<t> 


Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an output pin for the timer X. 


Tn¥7 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P37, 

P3 6 , P3 5 , and P3 4 work as S RDY , CLK, S ut. and Sin pins, respectively. 

Also P33 and P3 2 work as CNTR pin and the lowest order order interrupt input pin (INT 2 ) , respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 


P6o~P6 7 


Output port P6 


Output 


Port P6 is an 8-bit output port. The output structure is CMOS output. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50743-XXXSP is shown in Figure 
1. Addresses F000 16 to FFFF 16 are assigned to the built T in 
ROM area which consists of 4096 bytes. 
Addresses FF00 16 to FFFF 16 are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
pdge can be called with only 2 bytes. Addreeses FFF4 16 to 
FFFF 16 are vector addresses used for the reset and inter- 



rupts (see interrupt chapter). Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 007F 16 are assigned to the built-in 
RAM and consist of 128 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 



Zero page< 

ROM 

< 
(4096 bytes) 


RAM 
(128 bytes) 

Special 
page for < 
subroutine 
call 


, oooo 16 

^00BF 16 

00E0 16 
00FF 16 

E800 16 
FF00 16 

FFF4 16 

FFFF 16 




Decimal 












/ 

/ 
/ 

/ 

/ 

191 / 
/ 
/ 
/ 

/ 

255 • 

\ . 

\ 
\ 

\ ■ 

\ 

\ \ 
\ 
\ 

\ 

\ 
\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 

\ ■ 
\ 

\ 
INT 2 \ 

S I/O or Timer 2 

Timer 1 ^ 
\ 
Timer X \ 

IntT \ 


00EO 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
00FE 16 
\ 00FF 16 


Port PO 




Port PO direc t'°n al 
rori ru reg j Ster 


Port P1 


Dnrt D1 directional 
ron FY register 


Not used 


Port P2 


Pnrt P9 directional 
KOri V£ register 








Port P3 


Not used 


D ^. DO directional 
Port P3 register 


Port P4 


Pnrt P4 directional 
rori rn register 


Port P5 




Port P6 




















Serial I/O mode , 

' v register 


Serial I/O register 




Timer 1,2 prescaler 


Address L 
Address H 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer X prescaler 


Address L 
Address H 


Timer X 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 


RESET 















L 



Fig.l Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



7 







A 


7 







X 


7 







Y 


7 







S 



15 


7 


PC H 


PC L 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

— Carry flag 

— Zero flag 

— Interrupt disable flag 

— Decimal mode flag 

— Break flag 

— Index X mode flag 

— Overflow flag 

— Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The location of the stack can be determined by the stack 
page bit (bit 4 at address 00FF 16 ). When bit 4 is "0" and 
the contents of the stack pointer is XX 16 , the stack address 
is set to 00XX 16 . When bit 4 is "1", the stack address is set 
to 01XX 16 . When using this microcomputer in the single- 
chip mode, the stack page bit must be "0" and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N) . Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt., The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and GLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 



Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16> FFFE 16 


TnT7 


2 


FFFD 16 , FFFC 16 


Timer X 


3 


FFFB 16 , FFFA 16 


Timer 1 


4 


FFF9 16 , FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16 , FFF6 16 


INT 2 (BRK) 


6 


FFF5 16> FFF4 16 



INTERRUPT 

The M50743-XXXSP can be interrupted from seven souces; 
INT 1f timer X, timer 1, timer 2/serial I/O, or INT 2 /BRK in- 
struction. 

However, the INT 2 pin is used with port P3 2 and the corres- 
ponding directional register bit should be set to. "0" when 
P3 2 is used as an interrupt input pin. 
The value of bit 2 of the serial I/O mode register (address 
00F6 16 ) determine whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
2, and when bit 2 is "1" the interrupt is from serial I/O. Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
"1". All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 






rO 



^f 



fO 



Interrupt 
request 




L-^ 



7 







"I 



Interrupt disable flag I 



Reset 



Interrupt control register (address 00FE 16 ) 

Bit 7 .' INTt pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5 ! Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 : Timer 2 or serial I/O interrupt request bit 

Bit 2 .' Timer 2 or serial I/O interrupt enable bit 

Bit 1 : INT 2 interrupt request bit 

BitO : INT 2 interrupt enable bit 



Timer control register (address 00FF 16 ) 

Bit 7 : Timer X interrupt request bit 

Bit 6 : Timer X interrupt enable bit 

Bit 5 .' Timer X count stop bit 

Bit 4 : Not used 

Bit 3,Bit2 : Timer X mode bits 

Bit 1,Bit0 '. Processor mode bits 



Fig.3 Interrupt control 
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the interrupt request bit are both "1" and the interrupt dis- 
able flag is "0", 

The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the INT^ or INT^ pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



TIMER 

The M50743-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial I/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
"1", the timer X will stop regardless of which mode it is in. 
A block diagram of timer X, timer 1 and timer 2 is shown in 
Figure 4. 

The P3 3 /CNTR pin cannot be used as CNTR when P3 3 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n-M), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 




to timer X interrupt 
request bit 



Data bus 



ZZ. 



Prescaler latch (8) 



1Z. 



Timer 1 latch(8) 



Prescaler (8) 



1£ 



Timer 2 latch(8) 



Timer 1(8) 



.►interrupt 
request | 
bit 



_S2. 



Timer 2 (8) 



P3e/CLK 

o- 



^ 




-*■ Transfer clock 



Serial I/O counter (3) 




to timer 2 or 
serial I/O 
interrupt 
request bit 



Serial I/O mode register (address 00F6 16 ) 



Fig. 4 Block diagram of timer X, timerl, timer2 
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The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF-| 6) respectively (see Interrupt section). The four mod- 
es of timer X as follows: 

(1) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock sourse. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the -timer con- 
tents reaches "0" , the interrupt request bit is set to "1 " , 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 



Timer control register (address 00FF 16 ) 

■ Processor mode bit 

00 : Single-chip mode 

01 .' Memory expanding mode 

10 '. Microprocessor mode 

11 • Eva-chip mode 



Timer X mode bit 

00 I Timer mode 

01 : Pulse output mode 

10 '. Event counter mode 

11 : Pulse width measurement mode 

Stack page bit 

: Page 

1 : Page 1 

Timer X count stop bit 

'. Count start 

1 '. Count stop 

Timer X interrupt enable bit 

'. Interrupt disable 

1 : Interrupt enable 

Timer X interrupt request bit 

: No interrupt request 

1 '. With interrupt request 



Fig. 5 Structure of timer control register 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 6. 
In the serial I/O mode the receive raady signal (S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Squt. S| N ) are used as P3 7 , P3 6) P3 5) and P3 4) respectively. 
The serial I/O mode register (address 00F6 16 ) is 4-bit reg- 
ister. Bits 1 and of this register is used to select a syn- 
chronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10), the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 



transfer speed. When the bits are [11], oscillator frequency 
divided by 16, becomes the clock. 

Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a "1", P3 6 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P3 6 
and P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 



Oscillator divider 



^CH"., 



I/16 



^O-^i^y 



•O 



CLK 



P3 5 Q- 



P3< 



O- 



from Timer 1,2 

prescaler 1 Timer 2 (: 



^ 



■< 



Q 



t. 



Divider (Address 00FB 16 ) 




1/2 



Serial I/O counter (3) 



Transfer clock 



MSB Serial I/O register^) LSB 



(Address 00F7 16 )l"> 




to timer 2 or serial I/O 
interrupt request bit 



Serial I/O mode register (address 00F6 16 ) 

Synchronous clock selection bit 

00 : I 

f External clock 

01 :, I 

10 : Timer 2 divided by 2 

11 : Frequency divided by 16 

Serial I/O port selection bit (P3 5l P3 6 ) 

: Normal I/O port 

1 : Serial I/O port 

S D ry signal output selection bit (P3 7 ) 

: Parallel port 

1 : S RDY signal output pin 



Fig. 6 Block diagram of serial I/O 
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P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 2. Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal (bit 3=1, S RDY ) or used as normal I/O pin 
(bit 3 = 0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock — The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M50743-XXXSP is ready to receive the external serial data. 
The S RDY signal goes "H" at the next falling edge of the 
transfer clock. The serial I/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 



the transfer clock, serial data is output to P3 5 . During the 
rising edge of this clock, data can be input from P3 4 and 
the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External Clock — If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 7. An example of communication between 
two M50743-XXXSPs is shown in Figure 8. 
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Fig. 7 Serial I/O timing 
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Fig. 8 Example of serial I/O connection 
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RESET CIRCUIT 

The M50743-XXXSP is reset according to the sequence 
shown in Figure 9. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2^s while the power voltage is in the recom- 



mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 10. 
An example of the reset circuit is shown in Figure 11. . 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X| N -X OU t becomes stable. 



f(x, 



-»■ juiir 



RESET 

SYNC 
Address 
Data 



JllMJUUlT 



AD Hl AD L 




Reset address from the 
vector table 



8~12 clock cycles 



Note 1 : The relationship between <f> and f( X|N ) is normally f( X|N )=4-0 

2 '. The mark " ? " means that the address is changeable depending on the previous state. 



Fig.9 Timing diagram at reset 
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(1) Port P0 directional register ( E 1 16 ) •• 

(2) Port P1 directional register ( E 3 16 ) •• 

(3) Port P2 directional register ( . E 5 16 ) •• 

(4) Port P3 directional register ( E 9 16 ) •• 

(5) Port P4 directional register ( E B 16 ) ■• 

(6) Port P6(Notel) ( E E 16 ) •• 

(7) Serial I/O mode register ( E 6 16 ) •• 
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(9) Timer X ( F D 16 ) •• 
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(10) Interrupt control register ( FE 16 )•• 
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Fig. 11 Example of reset circuit 



Fig. 10 Internal state of microcomputer at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and evaluation 
chip mode. These modes (excluding single-chip 
mode) have a multiplexed address output function in 
addition to the I/O function. For more details, see the 
processor mode information. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 
For more details, see the processor mode information. 

(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O, INT 2 and I/O pins for timer X. For more details, 
see the processor mode information. 

(5) Port P4 

Port P4 has the same function as port PO in the single- 
chip mode. This function does not change even though 
the processor mode changes. 

(6) Port P5 

Port P5 is an input port. 

(7) Port P6 

Port P6 is a CMOS output port. See Figure 12 for more 
details. 

(8) Clock <f> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as 0. 



(9) iNTi" pin 

The INT! pin is an interrupt input pin. The INT^ inter- 
rupt request bit (bit 7 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(10) INT^pin (P3 2 /INT2 pin) 

The INT 2 pin is an interrupt input pin used with P3 2 . To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input ("0").When this 
signal level changes from "H" to "L", the interrupt re- 
quest bit (bit 1 at address 00FE 16 ) is set to "1". 

(11) CNTR pin(P3 3 /CNTR pin) 

The P3 3 /CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input ("0"). In the event coun- 
ter mode, CNTR becomes the input pin of the external 
pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
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Ports PO, P1, P2, P3, P4 



^ 



Data bus 



Port P6 



Port P5 



Directional register 



<H 



Oi! 




< 



-O 



Ports PO, P1 , P2, P3, P4 



(Note) P3 is also used as an I/O pin of serial I/O and CNTR, 
and input pin of INT 2 . 



Data bus 



Port latch 



\-^-£r-o 



Port P6 



■< O 

Port P5 



3-0 



Fig. 12 Block diagram of port P0~P6 (single-chip mode) and output format of <f> 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 14 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 13. 
By connecting CNV SS to V S s, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V C c automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNV S s places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 
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Fig. 13 External memory area in processor mode 



(1) Single-chip mode (00) 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV SS is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D 7 ~D (including in- 
struction code) and loses its normal I/O functions. Pins 
P3i and P3 output the SYNC and R/W control signals, 
.respectively when Renters into the "H" state. Port P3 2 
functions as an input port during this same transition. 

(3) Microprocessor mode (10) 

After connecting CNV SS to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the databus (D 7 ~D ) and loses 
, its normal I/O functions. Port P3t and P3t and P3 be- 
come the SYNC and R/W pins, respectively and the 
normal I/O functions are lost. 

(4) Eva-chip mode (11) 

When 10V is supplied to CNV S s pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port P0 is output 
when goes to "H" state. When goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
<f> goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original output functions while is at the "H" state, 
and works as a data bus of D 7 ~D (including instruc- 
tion code) while at the "L" state. Pins P3! and P3 out- 
put the SYNC and R/W control signals, respectively 
while is in the "H" state. When in the "L" state, P3i 
and P3 retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 
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Fig. 14 Processor mode and functions of port P0~P3 



Table 2 Relationship between CNV SS pin input level and processor mode 



CNVss 


Mode 


Explanation 


Vss 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


V cc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V , 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
17. 

When the STP instruction is executed, the oscillation of in- 
ternal clock is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address 00FF 16 ) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 15. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 



suggested value. 

The example of external clock uasge is shown in Figure 16. 

X| N is the input, and Xqut is open. 




Fig. 15 External ceramic resonator circuit 
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Fig. 16 External clock input circuit 
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Fig. 17 Block diagram of clock generating circuit 



MITSUBISHI 
l ELECTRIC 



2-71 



MITSUBISHI MICROCOMPUTERS 

M50743-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+D. 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 

, contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


. Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s- 
Output transistors cut-off. 


—0.3—7 


V 


v, 


Input voltage, RESET, X, N , INTi, P5 ~P5 7 


-0.3—7 


V 


V| 


Input voltage, P0 ~P07. P1o~P17. P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 


-0.3— Vcc+0. 3 


V 


v. 


Input voltage, CNVss 


-0.3—13 


V 


Vo 


Output voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 

XoUTi 


-0. 3— Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25C 


1000(Note 1 ) 


mW 


Topr 


Operating temperature 




— 10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



Note 1 : 300mW (or QFP types. 



RECOMMENDED OPERATING CONDITIONS (T a = -io~70c, v c 



= 5V±10%, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V, H 


"H" input voltage, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
INT,, RESET, X| N , CNV S s 


0. 8V CC 




Vcc 


V 


V,L 


"L" input voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
INT^, CNVss 







0. 2V CC 


V 


V,L 


"L" input voltage, RESET 







0. 12V CC 


V 


V, L 


"L" input voltage, X m 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current, P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7 , P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current, P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7> P6 ~P6 7 (Note 3 ) 






5 


mA 


'oH(peak) 


"H" peak output current, P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7 , P6 ~P6 7 






-10 


mA 


'oH(avg) 


"H" average output current, P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7 , P6 ~P6 7 (Note3) 






-5 


mA 


f (x, N ) 


Internal clock oscillating frequency 






8 


MHz 



Note 2 : loL(avg). 'oH(avg) ' s ^ ne average current in 100ms. 

3 : The total of loupeak) of po - P1 . P2 > P3 > p 4 and P6 should be 80mA max. 
The total of l H(peak) of P0 and P1 should be 30mA max. 
The total of loH(peak) °f P2 should be 50mA max. 
The total of loH(peak) °f p 3- P4 and P6 should be 30mA max. 
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ELECTRICAL CHARACTERISTICS (v c , 



= 5V, V s: 



= 0V, T a = 25 C,f () 



= 8MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


Voh 


"H" output voltage, P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7 , P4o~P4 7 , P6 ~P6 7 


Ioh = —10mA 


3 






V 


Vqh 


"H" output voltage, <f> 


Ioh — —2.5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 


l OL =10mA 






2 


V 


Vol 


"L" output voltage, (f> 


Iol = 5mA 






2 


V 


V T +-V T - 


Hysteresis, P3 6 


When used as CLK input 


0.3 




1 


V 


V T+ -V T _ 


Hysteresis, INT-i 




0.3 




1 


V 


v T +-v T _ 


Hysteresis, P3 2 


When used as INT 2 


0.3 




1 


V 


v T +-v T _ 


Hysteresis, P3 3 


When used as CNTR 


0.3 




1 


V 


V T +-V T _ 


Hysteresis, RESET 






0.5 


0.7 


V 


V t +-V t - 


Hysteresis, X| N 




0.1 




0.5 


V 


I.l 


"L" input current, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 


V, = 0V 






-5 


ma 


P6 ~P6 7l INTl RESET, X, n 


I.H 


"H" input current, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7l INTl RESET, X m 


V, = 5V 






5 


juA 


Vram 


RAM holding voltage 


When clock stops 


2 






V 


Ice 


Supply current _ / 


Output port open; 
other ports are con- 
nected to V S s. 


f (X|N )=8MHz 
Square wave 




6 


12 


mA 


T a =25°C 

At clock stops 






1 


juA 


T a =70°C 

At clock stops 






10 


UA 
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TIMING REQUIREMENTS 

Single-chip mode (v cc = 5v±io%, v ss = ov, T a = 25°c, f (X|N) = 



: 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


• Min. 


Typ. 


Max. 


tsil (POD-0) 


Port PO input setup time 


200 






ns 


tsU (P1D-<4) 


Port P1 input setup time 


200 






ns 


*SU (P2D-0) 


Port P2 input setup time 


200 






ns 


tsU (P3D-0) 


Port P3 input setup time 


200 






ns 


tsU (P4D-0) 


Port P4 input setup time 


200. 






ns 


tsU (P5D-0) 


Port P5 input setup time 


200 






ns 


th (0-POD) 


Port PO input hold time 


20 






ns 


th (0-pid) 


Port P1 input hold time 


20 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 


tfl (0-P3D) 


Port P3 input hold time 


20 






ns 


th U-P4D) 


Port P4 input hold time 


20 






ns 


th («4-P5D) 


Port P5 input hold time 


20 






ns 


tc 


External clock input cycle time 


125 






ns 


t w 


External clock input pulse width 


62 






ns 


tr 


External clock rising edge 






20 


ns 


tf 


External clock falling edge 






20 


ns 



Eva-Chip mode (V CC = 5V±10% ) V ss = 0V, T a = 25°C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (POD-(4) 


Port P0 input setup time 


200 






ns 


tsU (P1D-(4) 


Port P1 input setup time 


200 






ns 


tsU (P2D-0) 


Port P2 input setup time 


200 






ns 


th (<A-POD) 


Port P0 input hold time 


20 






ns 


th (<a-pid) 


Port P1 input hold time 


20 






ns 


th U-P2D) 


Port P2 input hold time 


20 






ns 



Memory expanding mode and microprocessor mode 



(V C c = 5V±10%, Vss = 0V, T a = 25°C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-0) 


Port P2 input setup time 


150 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 
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SWITCHING CHARACTERISTICS 
Single-chip mode (v cc = 5v±io%, v ss = ov, i a 



= 25°C, f( X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*-poa) 


Port PO data output delay time 


Fig.18 






200 


ns 


td(0-pia) 


Port P1 data output delay time 






200 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






200 


ns 


td(<*-P3Q) 


Port P3 data output delay time 






200 


ns 


td(<*-P4Q) 


Port P4 data output delay time 






200 


ns 


td(0-P6Q) 


Port P6 data output delay time 






200 


ns 



Eva-chip 


mode (V CC = 5V±10%, V S s = 0V, T a = 25°C, f (X|N ) = 8MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*-POA) 


Port P0 address output delay time 


Fig.18 






150 


ns 


td(^-POAF) 


Port P0 address output delay time 






150 


ns 


td(<*-POQ) 


Port P0 data output delay time 






200 


ns 


td(<*-POQF) 


Port P0 data output delay time 






150 


ns 


tdU-p-iA) 


Port P1 address output delay time 






150 


ns 


td(<*-P1AF) 


Port P1 address output delay time 






150 


ns 


td(0-piQ) 


Port P1 data output delay time 






200 


ns 


td(<*-piQF) 


Port P1 data output delay time 






150 


ns 


*d(0-P2Q) 


Port P2 data output delay time 






150 


ns 


td(<*-P2QF) 


Port P2 data output delay time 






150 


ns 


td(<A-R/W) 


R/W signal output delay time 






150 


ns 


td(0-Ft/WF) 


R/W signal output delay time 






150 


ns 


td(<*-P3 Q) 


Port P3o data output delay time 






200 


ns 


td(?i-P3 QF) 


Port P3 data output delay time 






150 


ns 


td(0-SYNC) 


SYNC signal output delay time 






150 


ns 


*d(^-SYNCF) 


SYNC signal output delay time 






150 


ns 


tdU-pa^) 


Port P3! data output delay time 






200 


ns 


tdC^-PSiQF) 


Port P3i data output delay time 






150 


ns 



Memory expanding mode and microprocessor mode 



(V CC = 5V±10%, V S s = 0V, T a = 25 C, f ( 



= 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(<* -POA) 


Port P0 address output delay time 


Fig.18 






150 


ns 


*d(<* -pia) 


Port P1 address output delay time 






150 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






200 


ns 


*d(s* -P2QF) 


Port P2 data output delay time 


40 




150 


ns 


td(^-R/w) 


R/W signal output delay time 






150 


ns 


td(<*-SYNC) 


SYNC signal output delay time 






150 


ns 











P0 
P1 
P2 
P3 
P4 
P6 
4> 




r 

i 100pF 
777" 









Fig.18 Port P0~P4 and port P6 test circuit 
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TIMING DIAGRAMS 




/ 






In single-chip mode ^ > 


\ 


' 






> 


>• t(j (0-POQ) 






Port PO output 


' 














*SU (P0D-(*)— *■ 

/ 










Port PO input 




/ 


'> 


\ 




— - 


y 


■* t(j (0-P1Q) 




•* th (0-POD) 




Port P1 output 


^ 














tsu (P1D— <4)— » 

/ 










Port P1 input 




' 


\ 


\ 






> 


- t(j [4,-920) 




-* th ((4-P1D) 




Port P2 output 


< 














tsu (P2D-«»— »■ 

/ 










Port P2 input 




' 


-* th ((6-P2D) 




— 


> 


< t(j (0-P3Q) 






Port P3 output 


' 














^SU (P3D-<6)-^ 

/ 










Port P3 input 




' 


s 


V 




— - 


> 


■* t(j («5-P4Q) 




-• th (0-P3D) 




Port P4 output 


/ 














tsu (P4D — (ft)—* 

/ 










Port P4 input 




/ 


s 


v 








tsu (P5D-^)— » 


-* — th [4>— P4D) 

k 

-*— th («4-P5D) 




Port P5 input 


/ 


> 




—~ 


> 


"* t(j (0-P6Q) 






Port P6 output 


f 












t 


c 








t w 


V 










/ 






f (x IN ) 


> 


/ 




— 


— t r -^ 


-*— tf 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3t output (SYNC) 



\ / 



X 



- t(j (0-POA) - *" 



~* — t(j (0-P1A) — ** 



>: 



>: 



- t(j (<fi-P2Q) 



~* t(j (0-R/W) *" 



x 



>: 



- t(j (0-SYNC) — "" 



'* r — t(j' U-POAF) 



- t(j (0-POQ) 



tsU (POD-tf) i» 



-* — t<j(0— p-IAF) *" 

>XZ= 



■ td (0-P1Q) 



tsU (P1D-0) 



X 



h — t<j(0- 

x>c: 



tsU (P2D-^) 

A 



- t(j (0-R/WF) *" 



x>n 

h- td 



** — td (^-SYNCF) 



>x 



"* td (0-P3,Q) 



*— td (tf-POQF) 



X 



X 



*— th (0-POD) 

td U-P1QF) 



>: 



x 



-« — th («s-pid) 



x 



x 



th (tf-P2D) 
*— td (0-P3 o QF) 



-*— td (*-P3,QF> 



X 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3i output (SYNC) 



/ 



\ / 



* — trJu-poA) 



x 



« — td(^-piA) 



X 



X". 



Floating 



* — tdU-R/w) 



X 



X 



- ^(^A-SYNC) 



X 



- tdU-P2Q) 



tsil(P2D-tf) —*■ 

/ 



X 



X 



X 



- tfJ(0-p2QF) 



K 



*— t|l(*-P2D) 



x 



X 
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M50744-XXXSP/FP 
M50746-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M50744-XXXSP and the M50746-XXXSP are single- 
chip microcomputers designed with CMOS silicon gate 
technology. Both are housed in a 64-pin shrink plastic 
molded DIP (flat package type also available). These sing- 
le-chip microcomputers are useful for business equipment 
and other consumer applications. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50744-XXXSP and the 
M50746-XXXSP are noted below. The following explana- 
tions apply to the M50744-XXXSP. Specification variations 
for other chips are noted accordingly. 



Type name 


ROM size 


M50744-XXXSP 


4096bytes 


M50746-XXXSP 


61 44 bytes 



The differences between the M50744-XXXSP and the 
M50744-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions ; 69 

• Memory size ROM 4096 bytes (M50744-XXXSP) 

61 44 bytes ( M50746-XXXSP) 
RAM • 144bytes 

• Instruction execution time 

2/^s (minimum instructions at 4MHz frequency) 

• Single power supply f(X )N )=4MHz 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) ••••15mW 

• Subroutine nesting 72 levels (Max.) 

• Interrupt- 6 types, 5 vecters 

• 8-bit timer 3 

• Programmable I/O (Ports P0, P1, P2, P3, P4) 40 

• Input ports (Port P5) • 8 

• Output ports (Port P6) 4 

• A-D converter 8-bit successive approximation 

• D-A converter 

• 8-bit PWM function 

• Watchdog timer 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 




Vcc d 


\j 


13^P2o 


Reference AV SS (0V) |T 




m^p2 1 




voltage input V REF -*[T 




H^P2 2 




D-A output D-A«— [T 




6l]^P2 3 




PWM output PWM «_rj 




60]«h-P2 4 


port P2 




P6 3 — E 




U^P25 




Output 


P6 2 «-[7 




U^P2 6 




port P6 


P6 1 ^-E 
P60-E 




H~P2 7 

56l*>POo 




P4 7 /AN 7 ^[]0 




H-^po, 






P4 6 /AN 6 ^[TT 




54]^ P0 2 






P4 5 /AN 5 ^D1 




H^POa 


I/O 


I/O 
port P4 


P4 4 /AN 4 <~[73 
P4 3 ^[li 





H«-po 4 

H**P05 


port PO 




P4 2 ^[T5 


2 2 

Oi O 4^ 


lo]^P0 6 






P4 1 «-[J6 


1 -1 1 
X X 


4|-m.P0 7 






P4 ~Ez 


X X 
X X 


U — P10 






P3 7 ^[T8 


CO o> 
"0 T) 


H — pi, 






P3 6 **ni 




iH^pi 2 






P3 5 ^Gi 




H~pi 3 


I/O 


I/O 


P3 4 ^H 




]3-w"Pi 4 


port P1 


port P3 


P3 3 /CNTR^H 

P3 2 /lNtl^[23 

P3t **H 

P3 ~H 




l-pis 
1**pi 6 
3D — PI7 

]o|«-P5o 




Interrupt input Jj^^rje 




H^-pst 




CNV SS H 




H«-P5 2 




Reset input RESET -^H 




U*- P5 3 




Clock input X, N ->[29 




H «- P5 4 /ED 4 


Input 


Clock output Xout *~[30 




H +- P5 5 /ED 5 


port P5 


Timing output <f>-*— piT 




U — P5 6 /ED 6 




V ss H 




33J <- P5 7 /ED 7 




Oi 


Jtline 64P^ 


[B 






NNOodoOOOOOrrrrrrrrOlO 




0-CLZQ.Q.Q.CLQ.D.Q.Q.rjLQ.Q.Q.D.D.Q.Q.ZQ. 






u mtiitimnni i 




"P5i 




|i^[5!^[53l|52|[5Tl[5^^ 


P2 5 «--GI 




1- 


P2 4 *+[II 




*\+- 


-P5 2 


P2 3 ~[lo 

P2 2 ~GE 


O 


13- 


-P5 3 

- P5 4 /ED 4 


P2 1 ++H 




32J — 


- P5 5 /ED 5 


P2 ~H 


M50744-XXXFP 


2LI*- 


- P5 6 /ED 6 


NC OE 




30j — 


- P5 7 /ED 7 


V ss H 


or 


29] 


Vss 


NC m 

V cc HZ 


M50746-XXXFP 


1— X OU t 


AV SS \® 




*f- 


-X, N 


V REF -+[69 




25|- 


- RESET 


D-A«-Ho 


O O 


E 


CNVss 


PWM«-[H 




23J 


NC 


P6 3 «-[! 




22] 


NC 




1 1 II 2 || 3 || 4 || 5 || 6 || 7 || 8 || 9||10||11||12||13||14||15||16||17||18|119||20|121| 






iiuiniiinminit 


0.rxQ.<<<<0-Q.0-0-Q.0-Q.0. £z Q. Q_ z Z 












***t ^ ro 




Q.Q.Q.Q. £g 
Q. 




Outline 72P6 NC : No connection 
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Clock input Clock output Timing output 

X|N XoilT 

| ©- ® <M 




portpe PWM D " A Vref AVss lnput port P5 



Note 1 : 6144 byts for M50746-XXXSP 



Z 

o 

r 

m 

■ 

o 
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X 

x 

x 
(a 
tj 

■n 



o 

o 
o 

o 

S 

"0 

c 
m 
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MITSUBISHI MICROCOMPUTERS 

M50744-XXXSP/FP 
M50746-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50744-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction excution time 


2^s (minimum instructions at4MHz frequency) 


Memory size 


ROM 


4096bytes (6144bytes for M50746-XXXSP) 


RAM 


144 bytes 


I/O ports 


INT^ 


Input 


1-bitXl 


PO, P1.P2, P3, P4 


I/O 


8-bitX5(Part of P3 used with timer I/O and interrupt input) 


P5 


Input 


8-bitX1 


P6 


Output 


4-bitX1 


Timers 


8-bit prescalerX2+8-bit timerX3 


A-D converter 


8-bitX 1 (4 channels) 


D-A converter 


5-bitXl 


Pulse width modulator 


8-bitX1 


Watchdog timer 


15-bitX1 


Subroutine nesting 


72 levels (max.) 


Interrupt 


2 external interrupts, 3 internal timer interrupts 


Clock generating circuit 


Built-in (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


High-speed operation 


15mW (at 4MHz frequency) 


I/O characteristics 


I/O voltage 


12V (Ports PO, P1, P3, P4, P5, P6, TFsTf7) 


Output current 


5mA (Ports PO, P1, P2, P3, P4) 


Memory expansion 


Possibe 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50744-XXXSP, M50746-XXXSP 


64-pin shrink plastic molded DIP 


M50744-XXXFP, M50746-XXXFP 


72-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V C c- and OV to V ss . 


CNV SS 


CNVss 




This is usually connected to Vss- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/iS (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X, N and X ut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 





Timing output 


Output 


This is the timing output pin. 


Int7 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


AV SS 


Voltage input for A-D 
and D-A 




This is GND input pin for the A-D and D-A converters. 


Vref 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D and D-A converters. 


D-A 


D-A output 


Output 


This is output pin from the D-A converter. 


PWM 


PWM output 


Output 


This is output pin from the pulse width modulator. 
The output structure is N-channel open drain. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel. open drain. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
CMOS output. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. P3 3 and P3 2 work as CNTR pin 
and the lowest interrupt input pin (INT 2 ), respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. P4 4 ~P4 7 work as analog input 
port AN 4 ~AN 7 . 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. P5 4 ~P5 7 can be used as the edge sense inputs. 


P6 ~P6 3 


Output port P6 


Output 


Port P6 is a 4-bit output port. The output structure is N-channel open drain. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50744-XXXSP is shown in Figure 

1. Addresses F000 16 to FFFF 16 are assigned to the built-in' 

ROM area which consists of 4096 bytes. 

Addresses E800 16 to FFFF 16 are the ROM address area 

assigned to the M50746-XXXSP. 

Addresses FF00 16 to FFFF 16 are a special address area 

(special page) . By using the special page addressing 

mode of the JSR instruction, subroutines addressed on this 

page can be called with only 2 bytes. Addreeses FFF4 16 to 



FFFF 16 are vector addresses used for the reset and inter- 
rupts (see interrupt chapter) . Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 008F 16 are assigned to the built-in 
RAM and consist of 144 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 



ROM (6144 bytes) 

for 
M50746-XXXSP 






i 0000 16 

^008F 16 

00E0 16 
00FF 16 

E800 16 
F000 16 

FF00 16 
FFF4 16 
FFFF 16 




Decimal 








Zero page - 


RAM 

(144 bytes) 






/ 
/ 

/ 
/ 

143 / 
/ 
/ 

/ 

/ 
/ 

255 

\ 
\ 
\ 

\ 

\ 

\ 
\ 
\ 

\ 

\ 

\ 

\ 
\ 

\ 
\ 

. \ 
\ 
\ 
\ 
\ 

INT 2 \ 

Timer 2 y 

Timer 1 \ 

Timer X 

intT 


/ 00E0 16 
00E1 16 
00E2 16 
00E3 16 
0OE4, 6 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED 16 
0OEE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 

\ 00FD 16 

^ 00FE 16 

\ 00FF 16 


Port P0 




Dnrf DH directional 
ron ru register 


Port P1 


Dnri Di directional 
KOnri register 


Not used 


Port P2 


P<-.rt DO directional 
KOrt HV register 








PortP3 


f 


' Not used 


Dnrt Dl directional. 
Port Pd register 


Port P4 


D/->rt DA directional 
ron V<\ register 


Port P5 


Port P5 latch 


Port P6 


ROM 
(4096 bytes) 
for ' 
M50744-XXXSP 


Special 
page for 
subroutine 
call 






D-A conversion register 


Pulse width modulation register 


Successive approximation register 


A-D control register 




Watchdog timer 










Timer 1,2 prescaler 


Address L 
Address H 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer X prescaler 


Address L 
Address H 


Timer X 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 


RESET 

65535 

















Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



7 o 

A 

7 

X 

7 

Y 

7 

S 



15 


7 


PCh 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

- Carry flag 

- Zero flag 

- Interrupt disable flag 

- Decimal mode flag 

- Break flag 

- Index X mode flag 

- Overflow flag 

- Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The location of the stack can be determined by the stack 
page bit (bit 4 at address 00FF 16 ). When bit 4 is "0" and 
the contents of the stack pointer is XX 16 , the stack address 
is set to O0XX 16 . When bit 4 is "1", the stack address is set 
to 01XX 16 . When using this microcomputer in the single- 
chip mode, the stack page bit must be "0" and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally/A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 



Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16> FFFE 16 


INT! 


2 


FFFD 16l FFFC 16 


Timer X 


3 


FFFB 16 , FFFA 16 


Timer 1 


4 


FFF9 16l FFF8 16 


Timer 2 


5 


FFF7 16 , FFF6 16 


INT 2 (BRK) 


6 


FFF5 16) FFF4 16 



INTERRUPT 

The M50744-XXXSP can be interrupted from seven souces; 
INT-i, timer X, timer 1, timer 2, or INT 2 /BRK instruction. 
However, the INT 2 pin is used with port P3 2 and the corres- 
ponding directional register bit should be set to "0" when 
P3 2 is used as an interrupt input pin. 

These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
"1". All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 
the interrupt request bit are both "1" and the interrupt dis- s 
able flag is "0". 

The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the INT^ or INT2" pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 go to "0" 
These request bits can be reset by the program but can not 



r^P 



rO= 






Interrupt request 



' — Intfirrunt disable flaa 



Interrupt disable flag I 



- Reset 



7 

















I 

L 














I 

1 



Interrupt control register (Address 00FE 16 ) 



Bit 7 '. INTt pin interrupt request bit 
Bit 6 : INT-i pin interrupt enable bit 
Bit 5 .' Timer 1 interrupt request bit 
Bit 4 '. Timer 1 interrupt enable bit 
Bit 3 .' Timer 2 interrupt request bit 
Bit 2 : Timer 2 interrupt enable bit 
Bit 1 : INT 2 pin interrupt request bit 
BitO : INT 2 pin interrupt enable bit 



It 



mer control register (Address 00FF 16 ) 



Bit 7 : Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
Bit 5 : Timer X interrupt stop bit 
Bit 4 : Timer stack page bit 
Bit3,Bit2 : Timer X mode bits 
Bit 1, BitO : Processor mode bits 



Fig. 3 Interrupt control 
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be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



TIMER 

The M50744-XXXSP has three timers; timer X, timer 1, and 
timer 2. Timer X has four modes which can be selected by 
bit 2 and 3 of the timer control register. When the timer X 
count stop bit (bit 5) is set to "1", the timer X will stop re- 
gardless of which mode it is in. A block diagram of timer X, 
timer 1 and timer 2 is shown in Figure 4. 
The P3 3 /CNTR pin cannot be used as CNTR when P3 3 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+l), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE-, 6 and 
00FF 16 , respectively (see interrupt section). 
The four modes of timer X as follows: 



Oscillator divider 



[w|— lyief 



P3 3 /CNTR 

o — < 



~l Timer mode 
I — — o^ 



I Prescaler latch (8)1 



Pulse width measurment 
mode 



^t=> 



Event counter mode 
o 




IZ. 



12. 



Timer X latch (8) 



Pulse output mode 



Prescaler 
FF 16 t_ 



(bO— [ 



Timer X (8) 



L^ 



Timer X count stop bit 
(Bit 5 of address 00FF 16 ) 



aa 



Reset, or STP 



■JToggle flip-flopl- 



to timer X 
interrupt request bit 



Data bus 



±Z. 



Prescaler latch (83 



2*L 



Timer Hatch (8) 



Timer 2 latch (8) 



Prescaler 



I **- 

I — r 1 Timer 1(8) 



to timer 1 
interrupt 
request C 
bit 



5-i 



Timer 2 (8) 



J- 



to timer 2 
interrupt request bit 



Fig.4 Block diagram of timer X, timer 1, timer 2 
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(1) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode (01) 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock sourse. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 



J Timer control register (Address 00FF 16 ) 



Processor mode bits 

00 .' Single-chip mode 

01 : Memory expanding mode 

10 .' Microprocessor mode 

11 : Eva-chip mode 



Timer X mode bits 

00 : Timer mode 

01 '. Pulse output mode 

10 : Event counter mode 

11 1 Pulse width measurment mode 
Stack page bit 

: Page 

1 : Page 1 

Timer X count stop bit 

: Count start 

1 : Count stop 

Timer X interrupt enable bit 

: Interrupt disable 

1 : Interrupt enable 

Timer X interrupt request bit 

: No interrupt request 

1 : With interrupt request 



Fig.5 Structure of timer control registe 
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A-D CONVERTER 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of ±3LSB. A block 
diagram of the A-D converter is shown in Figure 6. Conver- 
sion is automatic once it is started with the program. 
The four analog inputs are used in common with pins P4 7 , 
P4 6 , P4 5 , and P4 4 of port 4. Bits 1 and of the A-D control 
regsiter (address 00F3 16 ) are used to select which pins are 
used for A-D conversion. The input condition is accom- 
plished by setting to "0" the bit in the directional register 
that corresponds to the pin where A-D conversion is to take 
place. Bit 4 of the A-D control regsiter is the A-D conver- 
sion end bit. During A-D conversion, this bit is "0" , and 
upon completion becomes "1". Thus, it can be ascertained 
whether or not A-D conversion has been completed or not 
by inspecting this bit. The relation between the contents of 
the A-D control register and the selection of input pins are 
shown in Figure 7. 

The results of the conversion can be found be reading the 
contents of the successive approximation register (address 
00F2-| 6 ) which stores the results of the conversion. The pro- 
cedure for executing A-D conversion is next explained. 
Firstly, the pin that is to be used for the A-D conversion is 
selected by setting bit 1 and bit of the A-D control regis- 
ter. Next, the successive approximation is written to upon 
which the A-D conversion starts. Since actual data is not 



written to the successive approximation, any type of may be 
written. Simultaneous with its being written, the A-D con- 
version end bit (bit 4 of address 00F3 16 ) is cleared to '"0" 
signifying that A-D conversion operations are being con- 
ducted. A-D conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to "1" and the 
results of the conversion can be found in the successive 
approximation. Since the comparator consists of the capaci- 
tive coupled configuration, f (X, N ) is needed larger than 
1MHz during A-D conversion. 



4 





A-D control register (Address 00F3 16 ; 



Analog input selection bit 
00 : P4 4 /AN 4 
' 01 ! P4 5 /AN 5 

10 : P4 6 /AN 6 

1 1 : P4 7 /AN 7 

A-D conversion end bit 

: A-D conversion in progress 

1 '. A-D conversion completed 



Fig.7 Structure of A-D control register 



AV ss V REF 

Q O 



Resistance ladder 



% I I X I I I T 



P4 7/ P4 6/ P4 5/ P4 4 / 
/AN 7 /AN 6 'AN 5 'AN 4 

00 



i it v y 



Selector 



Vref 



Comparator and 
control circuits 



Successive approximation register 
(Address 00F2 16 ) 



.S2: 



w 



Data bus 



7T 



±L 



A-D control 
register 
(Address 00F3 16 ) 



Fig.6 Block diagram of A-D converter 
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D-A CONVERTER 

The R-2R method is used for D-A conversion. The block di- 
agram is shown in Figure 8. An analog voltage is output that 
corresponds to the contents of the D-A conversion register 
(address 00F0 16 ). Ideally, the relation of the analog output 



voltage V and the content n of the D-A conversion register 
is V=V REF X n/32(n=0~31 ). 

Reset operation clears the contents (n) of the D-A conver- 
sion register to0 16 . 



AV SS (OV) V REF 

o o 



i st 



R-2R ladder 



J I J J J" 



^M 



7T 



±2. 



-*o D " A 



D-A conversion register (Address 00F0 16 ) 



Data bus 



Fig.8 Block diagram of the D-A converter 
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PULSE WIDTH MODULATOR period of 4080 X m/255 (m = 0~255). Figure 9 shows that 

The pulse width modulation register (address 00F1 16 ) is relationship. An N-channel open drain output is used for the 

configured of an 8-bit counter. The period of repetition is PWM pin. 

4080 clock cycles. With the content of the pulse width mod- Reset sets the content m of the pulse width modulation 

ulation register m, the PWM pin becomes high-level for the register to00 16 . 



[^ One period of 
I" 4080 clock cycles 

«■>» oMmuiiuui 

m— "L" — — • — — • - 


— H 

253 254 1 2 3 4 

— nnniuinnniuin 


_, n 


n 


... n 


n 


m=3 I 


r~ 




m=zw r "" — 

m — 255 " H " - 


u 





Fig.9 Relation between m and PWM output 
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WATCHDOG TIMER 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F4 16 ) is a 15-bit counter. 
The watchdog timer counts 1/1 6th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF 16 when a 
reset is accomplished or a write operation has been made 
to it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes "0" and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF 16 and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming "0". Application of a + 
10V to the RESET pin will disable the watchdog timer func- 
tion. 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 



RESET CIRCUIT 

The M50744-XXXSP is reset according to the sequence 
shown in Figure 10. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2^s while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to/'H" level. The in- 
ternal initializations following reset are shown in Figure 11. 
An example of the reset circuit is shown in Figure 12. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X| N -X ut becomes stable. 



- juiir 



RESET 

SYNC 
Address 

Data 



.iiuuuiir 



8~12clock cycles 




Reset address retrieved 
from the vector table 



Note 1 : The relationship of frequency between f( X|N ) and <j>\s f( X|N ) =A'</>. 
2 : A question mark ( ? ) means that the address is changeable de- 



pending on the previous state. 



Fig. 10 Timing diagram at reset 
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(1 ) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P3 directional register 

(5) Port P4 directional register 

(6) Port 6 (Notel) 

(7) D-A conversion register 

(8) Pulse width modulation 
register 

(9) Watchdog timer 

(10) Prescaler 

(11) Timer X 

(12) Interrupt control register 

(13) Timer control register 

(14) Processor status register 
(only the interrupt disable 
flag is set.) 

(15) Program counter 



Address 

El ie )■ 

E3 16 )• 

E5 16 )• 

E9 16 )• 

EB 16 )■ 

EE 16 )■ 

F0 16 )• 

F lie )■ 

F4 16 )■ 

FC 16 )• 

FD 16 )• 

FE 16 )• 

FF 16 )■ 

PS )• 



PC H 
PC L 



o o 16 



16 



oo 16 



o o 16 



o o 16 



FF 16 







16 



7FFF 16 



FF 16 



1 16 



0, 



16 



Contents of 

a ddress FFFF 16 



Contents of 

address FFFF 1( 



Note 1 : Port P6 is the high-impedance state during reset. 
After return from reset, it is "FF 16 ". 



M50744-XXXSP 



RESET 




0V- 



0V- 



-4.5V 



"0.6V 



M50744-XXXSP 




Supply voltage 
detection circuit 



Fig. 12 Example of reset circuit 



Fig. 11 Internal state of microcomputer at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slighlty 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO, but it has CMOS output. In the other modes, 
P2's functions are slightly different from PO's. 
For more details, see the processor mode information. 

(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as INT 2 
and I/O pins for timer X. For more details, see the pro- 
cessor mode information. 

(5) Port P4 

Port P4 has the samo function as port PO in the single- 
chip mode. But P4 7 through P4 4 can also be used as 
analog input pins AN 7 through AN 4 . 

(6) Port P5 

Port P5 is an input port. P5 4 through P5 7 can also be 
used as edge sence inputs. In such a case, reading is 
begun from 00ED 16 . 00ED 16 is provided with a latch 
which is set to "1" when the input changes from high- 
level to low-level. The input pulse width must be at 
least 7 clock cycle wide. The latch is reset by using 



such instructions as LDM and CLB to write a "0" to the 
latch. When 00ED 16 is read, the lower order 4 bits are 
always zero. 

When port P5 is used as level sence input, read the 
contents of the address 00EC 16 . 

(7) Port P6 

Port P6 is a 4-bit output port. It has N-channel open 
drain output. See Figure 13 for more details. 

(8) Clock output pin 

In normal conditions, the oscillator frequency divided 
by four is output as (f>. 

(9) INT^pin 

The INTt pin is an interrupt input pin. The IN^ inter- 
rupt request bit (bit 7 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(10) INT^ pin (P3 2 /INT^pin) 

The INT 2 pin is an interrupt input pin used with P3 2 . To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input ("0"). When this 
signal level changes from "H" to "L", the interrupt re- 
quest bit (bit 1 at address 00FE 16 ) is set to "1". 

(11) CNTR pin(P3 3 /CNTR pin) 

The P3 3 /CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input ("0"). In the event coun- 
ter mode, CNTR becomes the input pin of the external 
pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
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Ports PO, P1, P3, P4 



■<■ 



Data bus ■ 



Data directional 
register 



-t>*-l 



N-channel open drain output 



i> E 



<^ 



< 



-O 



Ports PO, P1 , P3, P4 



Note :• P3 is used both as a timer input/output pin and an interrupt in- 
put pin. 
P4 is used as an analog input pin. 



Port P2 



-<■ 



Data bus ■ 



I Data directional I 
register r~ 



Port latch 



V t!o- 



CMOS output 



< 



-O 



-O 



Port P5 



PWM 



N-channel open drain output 



l >- r 



-O 

PWM 



N-channel open drain output 



i ^— O 

Data bus 1 Port latch ' ' h P ° rt P6 



1 



CMOS output 



Fig. 13 Block diagram of port P0~P6 (single-chip mode) and <f> output format 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 15 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 14. 
By connecting CNV SS to V ss , all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNV SS places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 



FFFF 16 






















^ 




^ 




(NoteD 
F000 16 






\V\ 






§^ 




\\W\ 




^ 


^^ 


0100 16 
00E8 16 
00E0 16 

0090 16 


\\v\ 




v\ 






^^ 




Timer, port P3 


etc. 










Port P0 


~P2 


\\\\\ 


m 


^ 


^ 


^ 


Internal RAM 






























Memory expanding Eva-chip 
mode 

Note 1 : E800 16 for M50746-XXXSP 


mode Microprocessor 

mode 
The shaded area is external 
memory area. 



Fig. 14 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV SS is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D 7 ~D (including in- 
struction code) and loses its normal I/O functions. Pins 
P3! and P3 output the SYNC and R/W control signals, 
respectively when Renters into the "H" state. Port P3 2 
functions as an input port during this same transition. 

(3) Microprocessor mode [10] 

After connecting CNV SS to V cc and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the databus (D 7 ~D ) and loses 
its normal I/O functions. Port P3t and P3 become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV S s pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port P0 is output 
when 4> goes to "H" state. When <t> goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
^ goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original I/O functions while is at the "H" state, and 
works as a data bus of D 7 ~D (including instruction 
code) while at the "L" state. Pins P3-i and P3 output 
the SYNC and R/W control signals, respectively while 
<t> is in the "H" state. When in the "L" state, P3t and P3 
retain their original I/O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 
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CM! 





l 





1 


CM 





1 


1 





Port 


Mode 


Single-chip mode 


Eva-chip mode 


Memory expanding mode 


Microprocessing 
mode 


Port PO 




r 




I I 

'Oo 




Same as left 


Ports P0 7 ~P0 


d 

Ports P0 7 ~F 


•I I l 

Ports P0 7 ~P0 


Y I/O port 


Y Address ^ 

AA 7 ~Ao J 


!( I/O port )(_ 


Y Address A 7 ~A Y 




Port P1 




r 








Same as left 


u i 

Ports P1 7 ~P1 


d 


r 


ti i i 

Ports P1 7 ~P1 


Ports P1 7 ~P1 


Y I/O port 


XaT^X'—'X 


Y Address A 15 ~A 8 Y 




Port P2 




r 




i 

2o 




Same as left 


Ports P2 7 ~P2 


d 

Ports P2 7 ~P 


d I l 

Ports P2 7 ~P2 


Y I/O port 


V Output ^ 
A Port > 


/ Data V 
V D 7 ~D A 


A- -/Data D 7 ~d\-- 




Port P3 




r 




i r 

>3 2 




Same as left 


d I 

Ports P3 7 ~P3 


•J 

Ports P3 7 ~F 


Ports P3 7 ~P3 2 


Y I/O port 


jf I/O port 
Port P3! 


Y I/O port 
Port P3t 


Y SYNC 


K l/0port A_ 


V/ \/ 

J\ SYfc /L 

Port P3 


Port P3 


X "« X" opon X 


J( - x_ 









Fig. 15 Processor mode and functions of Ports P0~P3 

Table 2 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


Vss 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
18. 

When the STP instruction is executed, the oscillation of in- 
ternal clock is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively., The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <t> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address 00FF 16 ) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 16. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 




Fig. 16 External ceramic resonator circuit 



M50744-XXXSP 

X|N XquT 


29" • v 30 
Open 

External 
oscillating 



"mm 



Fig. 17 External clock input circuit 



suggested value. 

The example of external clock uasge is shown in Figure 17. 

X| N is the input, and Xqut is open. 



Interrupt 
request 

Interrupt 
disable flag I 




STP instruction — 
(option) 



S O-i 



WIT 
instruction 



S 



u 



Dt) 



o 



1/2 



r- 1/2 



S 



KX 



Reset 



-STP instruction 
(option) 



Internal clock <f> 



1/8 




Prescaler X 



Overflow 



Timer X count stop bit 



6 



Fig. 18 Block diagram of the clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+D. 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou- 
pled configuration, f (X, N ) is needed lager than 1MHz 
during A-D conversion. And during A-D conversion, 
don't use STP or WIT instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data • EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• STP instruction option 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to Vss 

With the output transistor cut-off 


—0.3—7 


V 


V, 


Input voltage X, N 


—0.3—7 


V 


V, 


Input voltage P2 ~P2 7l P4 4 ~P4 7 


-0. 3— Vcc+0.3 


V 


V, 


Input voltage P0 ~P0 7 , P1 ~P17. P3 ~P3 7 , P4 ~P4 3 , 
P5o~P5 7 , TNT7 


-0.3—13 


V 


V, 


Input voltage CNV SS , RESET 


—0.3—13 


V 


Vo 


Output voltage P2 ~P2 7 , P4 4 ~P4 7 , X 0U t, <t>, D-A 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P1 7 , P3 ~P3 7l P4 ~P4 3 , 
P6 ~P6 3 , PWM 


—0.3—13 


V 


Pd 


Power dissipation 


T a =25°C 


1000(Note 1 ) 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



Note 1 : 300mW for QFP types 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


Vref 


Reference voltage 


4 




Vcc 


V 


V, H 


"H" input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7l P5 ~P5 7 , 
INT,, RESET, X| N , CNV SS 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 . P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 
INTY CNVss 







0. 2V CC 


V 


v, L 


"L" input voltage RESET 







0. 1 2V CC 


V 


V, L 


"L" input voltage X, N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P1 7l 
P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7i pwM (Note 3 ) 






10 


mA 


'oL(peak) 


"L" peak output current P6 ~P6 3 (Note 3 ) 






15 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7l P1 ~P1 7 , 
P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7 , PWM (Note 2) 






5 


mA 


'oL(avq) 


"L" average output current P6 ~P6 3 (Note 2 ) 






7 


mA 


'oH(peak) 


"H" peak output current P2 ~P2 7 (Note 3 ) 






-10 


mA 


•oH(avq) 


"H" average output current P2 ~P2 7 (Note 2 ) 






—5 


mA 


f(x, N ) 


Internal clock oscillator frequency 






4 


MHz 



Note 2 : The average output currentsloaavg) an d loH(avg) are the average value of a period of 100ms. 

3 : Do not allow the combined low- level output current of ports PO, PI, P2, P3, P4, P6, and PWM to 

exceed 80mA. 

Do not allow the combined high- level output current of port P2 to exceed 50mA. 

4 : "H" input voltage of ports' P0, P1, P3, P4 ~P4 3> P5 and INT! is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (Ta-zs-c 


, V CC =5V, V ss =0V, f ( 


X|N )=4MHz, unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage P2 ~P2 7 


l O H=-10mA 


3 






V 


VoH 


"H" output voltage i> 


Ioh =— 2. 5mA 


3 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 

P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 3 , PWM 


l OL =10mA 






2 


V 


Vol 


"L" output voltage <f> 


l L = 5mA 






2 


V 


V t +-V t - 


Hysteresis INT^ 




0.3 




1 


V 


V t +-V t - 


Hysteresis P3 2 


When used as INT 2 input 


0.3 




1 


V 


V t +-V t - 


Hysteresis P3 3 


When used as CNTR input 


0.5 


1 




V 


V T +-V T - 


Hysteresis RESET 






0.5 


0.7 


V 


V t +-V t - 


Hysteresis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3 ~P3 7l P4 ~P4 7 , P5o~P5 7 , 
P6 ~P6 3 , PWM 


V,=0V 






-5 


VA 


I.L 


"L" input current INTi, RESET, X )N 


V,=0V 






—5 


MA 


Iih 


"H" input current P0 ~P0 7( P1 ~P1 7 , P3 ~P3 7 , 

P4 ~P4 3 , P5 ~P5 7) P6 ~P6 3 , PWM 


V,=12V 






12 


UA 


I.H 


"H" input current INTi, RESET, X, N , P2 ~P2 7 , 
P4 4 ~P4 7 


V,=5V 






5 


MA 


. v RAM 


RAM retention voltage 


When clock disabled 


2 






V 


'cc 


Supply current 


4>, Xout, and D-A pins 
opened, other pins at 
V S s, and A-D conver- 
ter in the finished 
condition. 


f(x IN )=4MHz 
Square wave 




3 


6 


mA 


at clock stop 
T a =25°C 






1 


/uA 


at clock stop 
T a =75°C 






10 


juA 



A-D CONVERTER CHARACTERISTICS (T a =25°C, V CC =5V, V ss =0V, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 


Vref =v "cc 






8 


Bits 


— 


Absolute precision 


Vref=Vcc. with the output transistor cut-off 






±3 , 


LSB 


Rladder 


Ladder resistance 


Vref = Vcc 


2 




10 


kn 


tcONV 


Conversion time 








50 


MS 


Vref 


Reference voltage 




2 




Vcc 


V 


V, A 


Analog input voltage 









Vref 


V 



D-A CONVERTER CHARACTERISTICS (T a =25°C, V CC =5V, V ss =0V, f (XlN ,=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref = Vcc 






5 


Bits 


- 


Error in full scale range 


V REF = Vcc, with the output transistor cut-off 






±1 


% 


*su 


Setup time 


Vref = Vcc 






3 


MS 


Ro 


Output resistance 


Vref = Vcc 






3 


kn 


v REF 


Reference voltage 




4 




Vcc 


V 
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TIMING REQUIREMENTS 

Single-Chip mode (T a =25*C, V O c=5V±10%, V ss =0V, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


^suCpod— </>) 


Port PO input setup time 


270 






ns 


tsU(P1D— <f>) 


Port P1 input setup time 


270 






ns 


tsU(P2D— <t>) 


Port P2 input setup time 


270 






ns 


tsil(P3D— </>) 


Port P3 input setup time 


270 






ns 


tsU(P4D— <t>) 


Port P4 input setup time 


270 






ns 


tsil(P5D— <*) 


Port P5 input setup time 


270 






ns 


th(*i-POD) 


Port PO input hold time 


20 






ns 


th(0-P1D) 


Port P1 input hold time 


20 






ns 


th(<4— P2D) 


Port P2 input hold time 


20 






ns 


th(0— P3D) 


Port P3 input hold time 


20 






ns 


^h(0— P4D) 


Port P4 input hold time 


20 






ns 


th(0-P5D) 


Port P5 input hold time 


20 






ns 


tc 


External clock input cycle time 


250 






ns 


t w 


External clock input pulse width 


75 






ns 


tr 


External clock rise-time 






25 


ns 


tf 


External clock fall-time 






25 


ns 



Eva-chip 


mOde (T a =25°C, V CC =5V±10%, 


V S s=0V, f (X|N )=4MHz, 


unless otherwise noted) 










Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(poD— <t>) 


Port P0 input setup time 


270 






ns 


tsU(P1D— <t>) 


Port P1 input setup time 


270 






ns 


tsU(P2D— <t>) 


Port P2 input setup time 


270 






ns 


th(<*— POD) 


Port P0 input hold time 


20 






ns 


th(«A— P1D) 


Port P1 input hold time 


20 






ns 


th(<£— P2D) 


Port P2 input hold time 


20 






ns 



Memory expanding and microprocessor modes 



(T a =25°C, V C c=5V±10%, V ss =0V, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(P2D— <t>) 


Port P2 input setup time 


270 






ns 


thU— P2D) 


Port P2 input hold time 


30 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (T a =25"C, V CC =5V±10%, V ss =0V, f (X|N >=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(<*— poq) 


Port PO data output delay time 


Fig. 19 






230 


ns 


tcl(<*— P1Q) 


Port P1 data output delay time 






230 


ns 


td(<*~ P2Q) 


Port P2 data output delay time 


' Fig. 20 






230 


ns 


td(<*— P3Q) 


Port P3 data output delay time 


Fig. 19 






230 


ns 


td(£— P4Q) 


Port P4 data output delay time 






.230 


ns 


td(0— P6Q) 


Port P6 data output delay time 






230 


ns 



Eva-chip 


mode (Ta=25°C, V CC =5V±10% I V ss =0V, f (X|N )=4MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*— poa) 


Port P0 address output delay time 


Fig. 19 






250 - 


ns 


td(£— POAF) 


Port P0 address output delay time 






250 


ns 


td(tf— poq) 


Port P0 data output delay time 




, 


200 


ns 


*d(<*— poqf) 


Port P0 data output delay time 






200 


ns 


td(0— P1A) 


Port P1 address output delay time 






250 


ns 


td(0— P1AF) 


Port P1 address output delay time 






250 


ns 


tdu— piq) 


Port P1 data output delay time 






200 


ns 


*d(<*— P1QF) 


Port P1 data output delay time 






200 


ns 


tdU— P2Q) 


Port P2 data output delay time 


Fig. 20 






300 


ns 


td(0— P2QF) 


Port P2 data output delay time 






300 


ns 


*d(<*— R/W) 


R/W signal output delay time 


Fig. 19 






250 


ns 


*d((*— R/WF) 


R/W signal output delay time 






250 


ns 


td(0— P3 Q) 


Port P3 data output delay time 






200 


ns 


td(<*— P3 QF) 


Port P3 data output delay time 






200 


ns 


*d(<*— SYNC) 


SYNC signal output delay time 






250 


ns 


*d(<*— SYNCF) 


SYNC signal output delay time 






250 


ns 


*d(<*— P3iQ) 


Port P3t data output delay time 






200 


ns 


td(0— P3iQF) 


Port P3i data output delay time 






200 


ns 



Memory expanding and microprocessor modes 



(T a =25°C, V CC =5V±10%, V ss =0V, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<6— POA) 


Port P0 address output delay time 


Fig. 19 






250 


ns 


td(<*-piA) 


Port P1 address output delay time 






250 


ns 


*d(<*— P2Q) 


Port P2 data output delay time 


Fig. 20 






300 


ns 


tdU— P2QF) 


Port P2 data output delay time 






300 


ns 


*d(<*— R/W) 


R/W signal output delay time 


Fig. 19 






250 


ns 


td(<*~ SYNC) 


SYNC signal output delay time 






250 


ns 







J V cc 
s 1 kfi 




P0 
P1 
P2 
P3 
P6 




:p 100pF 

77T 


1 






y 100pF 

7/r 



Fig. 19 Ports PO, P1, P3, P4, P6 test circuit 











P4 

4> 




1 
^100pF 

77T 


1 






-r 100pF 



Fig.20 Port P2 test circuit 
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TIMING DIAGRAMS 
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In single-chip mode <t> a 


N 


^ 




— 


> 


* — *d (<*— POQ) 






Port PO output 


' 














ISU (POD-*)— »» 










Port PO input 




' 


N 


^ 




— - 


> 


* t<j ((4-P1Q) 




* th (tf-POD) 




Port P1 output 


" 














*SU (P1D— #)— *■ 

/ 




*- 






Port P1 input 




' 


\ 


\ 




— *■ 


>i 


td (<*-P2Q) 




«• — ^ (0-pid) 




Port P2 output 


^ 














*SU (P2D-<4)— 

/ 










Port P2 input 




»- 


v 


V 




— 


> 


-S t(J (0-P3Q) 




- th ((4-P2C 




Port P3 output 


'. 














tsu (P3D-0)— * 

/ 










Port P3 input 




' 


N 


k 




— ^ 


> 


« t(j (<ft-P4Q) 




"* th («S-P3D) 




Port P4 output 


r 












- 


tsu (P4D- *)— »■ 

/ 










Port P4 input 




- 


V 


^ 








tsu (P5D-«»— *- 

• 


-«— th (*-P4D) 
■*— th (*-P5D) 




Port P5 input 


' 


N 




— 


> 


* td («S-P6Q) 






Port P6 output 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input • 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3< output (SYNC) 



X 



X 
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■*— td (0-pia) — *■ 



x 
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■*- td(^-R/w) - *" 



>: 



** — td U-SYNC) — ^ 






S 
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tsU (POD 



>)" 



-*— td (0-P1AF) 



>x 
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>T 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3! output (SYNC) 



/ 



\ / 



XI 



td (*-poa) 



x 



-td(0 
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/ 



X 



X 



- td U-P2QF) 



>c::: 



- t n (0-P2D) 



x 



X 



MITSUBISHI 
l ELECTRIC 



2-107 



MITSUBISHI MICROCOMPUTER 

M50745-XXXSP/FP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M50745-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50745-XXXSP and the 
M50745-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size ROM 6144 bytes 

RAM 192 bytes 

• Instruction execution time 

2/iS (minimum instructions at 4MHz frequency) 

• Single power supply f(X, N )=4MHz •••••5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) ••••15mW 

• Subroutine nesting •••_ 96 levels (Max.) 

• Interrupt 7 types, 5 vecters 

• 8-bit timer 3 (2 when used as serial I/O) 

• Programmable I/O (Ports PO, P1, P2, P3, P4) 40 

• Input ports (Port P5) 8 

• Serial I/O (8-bit) • 1 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 

\ 



PIN 


CONFIGURATION (TOP VIEW) 


fP4 2 ~[L 


\J 
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FUNCTIONS OF 


M50745-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2jus (Minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


6144bytes 


RAM 


192bytes 


Input/Output port 


Tntyint^ 


Input 


1-bitX2 


PO, P1, P2, P3, P4 


I/O 


8-bitX5 (Part of P3 are in common with serial I/O) 


P5 


Input 


8-bitXl 


CNTR 


I/O 


1-bitXl 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalerX2+8-bit timerX3 (2 when serial I/O is used) 


Subroutine nesting 


96 levels (max.) 


Interrupts 


two external interrupts, three timer interrupts (or timerX2, serial I/OX1) 


Clock generating circuit 


Built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


At high-speed operation 


15mW (at 4MHz frequency) 


Input/Output characteristics 


Input/Output voltage 


12V (Ports PO, P1, P2, P3, P4, P5, INt7, MT~ 2 , CNTR) 


Output current 


5mA (Ports PO, P1, P2, P3, P4) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50745-XXXSP 


64-pin shrink plastic molded DIP 


M50745-XXXFP 


60-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V± 10% to V CC) and OV to V ss . 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2us (under normal V C c 
conditions). If more time is for the crystal oscillator to stabilize, this "L" condition should be maintained for 
the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X ut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


4> 


Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an output pin for the timer X. 


TntT 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


INT 2 


Interrupt input 


Input 


This is the lowest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , 
P3 6 , P3 5 , and P3 4 work as S RDY , CLK, S ut. and S| N pins, respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 




Reset output 


Output 


This pin outputs the reset signal for peripheral devices. 


RESETqut 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50745-XXXSP is shown in Figure 
1. Addresses E800 16 to FFFF 16 are assigned to the built-in 
ROM area which consists of 6144 bytes. 
Addresses FF00 16 to FFFF 16 are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses FFF4 16 to 
FFFF 16 are vector addresses used for the reset and inter- 



rupts (see interrupt chapter). Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 00BF 16 are assigned to the built-in 
RAM and consist of 192 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 



Zero page 



RAM 
(192bytes) 



00BF 16 

0OE0 16 
00FF 16 



ROM 
(6144 bytes) 



E800 1€ 



f FF00 16 



Special 

page for 

subroutine 

call 





Not used 






Not used 


Address 


L 


Address 


H 


Address 


L 


Address 


H 


Address 


l_ 


Address 


H 


Address 


l_ 


Address 


H 


Address 


L 


Address 


H 


Address 


l_ 


Address 


H 



Decimal 




127 



255 



S I/O or Timer 2 v 

Timer 1 \ 

\ 
Timer X \ 

Tnt; 



65535 



RESET 



00E0 16 


Port PO 


00E1 16 


n i on directional 

Port PO register 


00E2 16 


Port P1 


00E3 16 


p. .. l - ) ^ directional 
Port P1 register 


00E4 16 


Port P2 


00E5 16 


Pr>rt P9 directional 
rOrt Yl register 


00E6 16 




00E7, 6 




00E8 16 


Port P3 


00E9 16 


Dnrt dq directional 
POrt Y<5 register 


00EA 16 


Port P4 


00EB 16 


r-> l riA directional 
Port P4 register 


00,EC,6 


Port P5 


00ED 16 




0OEE 16 




00EF 16 




00F0 16 




00F1 16 




00F2 16 




00F3 16 




00F4 16 




00F5 16 




0OF6 16 


Serial I/O register 


00F7 16 


Serial I/O register 


00F8 16 




00F9 16 


Timer1,2prescaler 


00FA 16 


Timer 1 


00FB 16 


Timer 2 


00FC 16 


Timer X prescaler 


00FD 16 


Timer X 


00FE 16 


Interrupt control register 


00FF 16 


Timer control register 



Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode,, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



7 







A 


7 







X 


7 







Y 


7 







S 



15 


7 


PC H 


PC L 



Accumlator 



Index register X 



Index, register Y 



Stack pointer 



Program counter 



Processor status register 

- Carry flag 

- Zero flag 
-Interrupt disable flag 

- Decimal mode flag 
-Break flag 
-Index X mode flag 
-Overflow flag 
-Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address Of the next location in the stack. It is mainly used 
during interrupts and subroutine calls, The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction; 
The location of the stack can be determined by the stack 
page bit (bit 4 at address 00FF 16 ). When bit 4 is "0" and 
the contents of the stack pointer is XX 16l the stack address 
is set, to 00XX 16 . When bit 4 is "1", the stack address is set 
to 01XX 16 . When using this microcomputer in the single- 
chip mode, the stack page bit must be "0" and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 



(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 

7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 
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8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 

Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16 , FFFE 16 


Tnt7 


2 


FFFD 16 , FFFC 16 


Timer X 


3 


FFFB 16 , FFFA 16 


Timer 1 


4 


FFF9 16( FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16 , FFF6 16 


INT 2 (BRK) 


6 


FFF5 16 , FFF4 16 



INTERRUPT 

The M50745-XXXSP can be interrupted from seven souces; 
INTl timer X, timer 1, timer 2/serial I/O, or INT 2 /BRK in- 
struction. 

The value of bit 2 of the serial I/O mode register (address 
00F6 16 ) determine whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
2, and when bit 2 is "1" the interrupt is from serial I/O. Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
"1". All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 



Interrupt 
request 



[ 






rQ 



0= 



[<# 7 



' — Intermnt disahlp flat 



Interrupt disable flag 1 



J Interrupt control register (Address 00FE 16 ) 

Bit7 : INTt pin interrupt request bit 

Bit6 '. INT*! pin interrupt enable bit 

Bit5 '. Timer 1 interrupt request bit 

Bit4 : Timer 1 interrupt enable bit 

Bit3 : Timer 2 interrupt or serial I/O interrupt request bit 

Bit2 : Timer 2 interrupt or serial I/O interrupt enable bit 

Bit1 : INT 2 pin interrupt request bit 

BitO : I NT 2 pin interrupt enable bit 



J Timer control register (Address 00FF 16 ) 
Bit7 : Timer X interrupt request bit 
Timer X interrupt enable bit 
Timer X count stop bit 
Stack page bit 

I Timer X mode bit 



Bit6 
Bit5 
Bit4 
Bit3 
Bit1 
Bit2 
BitO 



Processor mode bit 



Fig. 3 Interrpt control 



MITSUBISHI 
l ELECTRIC 



2-115 



MITSUBISHI MICROCOMPUTER 

M50745-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



An interrupt is accepted when the interrupt enable bit and 
the interrupt request bit are both "1" and the interrupt dis- 
able flag is "0". 

The interrupt request bits are set when the following condi- 
tions occur: 

(1) When the INT^ or INT^ pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



TIMER 

The M50745-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial I/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
'"1", the timer X will stop regardless of which mode it is in. 
A block diagram of timer X, timer 1 and timer 2 is shown in 
Figure 4. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+2), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 



Data bus 



O scillato r Divider 

|f(X| N )| — ]i/i6f 




Prescaler latch (8) 



iz. 



TF 



Timer X latch(8)| 



Prescaler (8)| 1 Timer X (8) 



Timer X count stop bit 



(Bit 5 of address 00FF 16 ) STp 



Reset, or 



Toggle filip-filip 



to timer X interrupt 
request bit 



Data bus 



SL 



Prescaler latch (8) 



1Z. 



i£. 



Timer 1 latch(8) 



Prescaler (8) 



1Z. 



Timer 2 latch(8)l 



Timer 1(8) 



to timer 1 
..interrupt 
request [ 
bit 



Timer 2 (8) 




-*■ Transfer clock 



Serial I/O counter (3) 




to timer 2 or 
serial I/O 
interrupt 
request bit 



Serial I/O mode register( Address 00F6 16 ) 



3 



Fig. 4 Block diagram of timer X, timer"!, timer2 
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The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF-I6, respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero. 
The four modes of timer X as follows: 

(1) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock sourse. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycje of the CNTR pin. When the timer con- 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 



J Timer control register (Address 00FF 16 ) 



Prosessor mode bit 

00 '. Single-chip mode 

01 : Memory expanding mode 

10 '. Microprocessor mode 

11 '. Eva-chip mode 



- Timer X mode bit 

00 " Timer mode 

01 : Pulse output mode 

10 '. Event counter mode 

11 : Pulse width measurement mode 

- Stack page bit 

: page 

1 .' 1 page 

- Timer X count stop bit 

: Count start 

1 '. Count stop 

- Timer X interrupt enable bit 

: Interrupt disable 

1 : Interrupt enable 

-Timer X interrupt request 

: No interrupt request bit 

1 .' With interrupt request 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 6. 
In the serial I/O mode the receive raady signal (S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Squt. S, n ) are used as P3 7 , P3 6 , P3 5) and P3 4 , respectively. 
The serial I/O mode register (address 00F6 16 ) is 4-bit reg- 
ister. Bits 1 and of this register is used to select a syn- 
chronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10], the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 



clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11], oscillator frequency 
divided by 16, becomes the clock. 

Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a "1", P3 6 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P3 6 
and P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 to "0". For more information on 



Oscillator Divider 



X, N 0- 



1/16 



^o-^^y 



P3 6 Q 



CLK 



P3eO- 



P3 <0 



from timer 1,2 

prescaler — Timer 2(8) 

Divider 



Ui 







t, 




(Address 00FB 16 ) 



1/2 



Serial I/O counter(3) 



Transfer clock 



MSB Serial I/O register(8) LSB 



d 



(Address 00F7 16 ) 



n 




to timer 2 or serial I/O 
interrupt request bit 



Serial I/O mode register (Address 00F6 16 ) 

Synchronous clock selection bit 

00 : I 

External clock 

01 : I ■ 

.10 : Timer 2 divided by 2 
11 : Frequency divided by 16 

Serial I/O port selection bit (P3 5 , P3 6 ) 

: Normal I/O port 

1 : Serial I/O port 

Srdy signal output selection bit (P3 7 ) 

: Nomal I/O port 

1 : S RDY signal output pin 



Fig.6 Block diagram of serial I/O 
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the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 2. Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal (bit 3=1, S RDY ) or used as normal I/O pin 
(bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock — The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M50745-XXXSP is ready to receive the external serial data. 
The S RDY signal goes to "H" at the next falling edge of the 
transfer clock. The serial I/O counter is set to 7 when data 



is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P3 5 . During the 
rising edge of this clock, data can be input from P3 4 and 
the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External Clock — If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 7. An example of communication between 
two M50745-XXXSPs is shown in Figure 8. 



Synchronous clock 



Transfer clock 



Serial I/O register write 

signal 

Serial I/O output 

Sout 
Serial I/O input 

S, N 

Receivable signal 
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irL_ru~LrL_rL_rLrLr 



ji 
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Interrupt request bit set 



Fig.7 Serial I/O timing 
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Fig. 8 Example of serial I/O connection 
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RESET CIRCUIT 

The M50745-XXXSP is reset according to the sequence 
shown in Figure 9. it starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2jus while the power voltage is in the recom- 



mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 10. 
An example of the reset circuit is shown in Figure 11. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X| N -X ut becomes stable. 



f(x, N ) 



JUllL 



RESET ou 

SYNC 
Address 



Data 



..iiifuuuinr 



8 — 12 clock cycles 



AD H ,AD L 




Reset address from the 
vector table 



Note 1 : Frequency relation of f(X IN ) and <f> is f(X| N )=4*<6 

2 : The mark " ? " means that the address is changeable depending on the previous state. 



Flg.9 Timing diagram at reset 



Address 

(1) Port P0 directional register ( E 1 16 ) 

(2) Port P1 directional register ( E 3 16 ) 

(3) Port P2 directional register ( E 5 16 ) 

(4) Port P3 directional register ( E 9 16 ) 

(5) Port P4 directional register ( EB 16 ) 

(6) Serial I/O mode register ( F 6 16 ) 



(7) Prescaler X 

(8) Timer X 

(9) Interrupt control register 

(10) Timer control register 

(11) Interrupt disable 
flag on processor 
status register 

(12) Program counter 



( FC 16 ) 

( FD 16 ) 

( FE 16 ) 

( FF 16 ) 

( PS ) 



( PC H )• 
( PC L )• 







|o|o|o|o 



FF 16 



0, 6 



o 16 



Fig. 10 Internal state of microcomputer at reset 
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Fig. 11 Example of reset circuit 
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I/O PORTS 

(1) Port PO 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

Pull-up transistor can be specified as an option. As 
shown in the memory map (Figure 1), port PO can be 
accessed at zero page memory address 00E0 16 . Port 
PO has a directional register (address 00E1 16 ) which 
can be used to program each individual bit as input 
("0") or as output ("1"). If the pins are programmed as 
output, the output data is latched to the port register 
and then output. When data is read from the output port 
the output pin level is not read, only the latched data in 
the port register is read. This allows a previously output 
value to be read correctly even though the output vol- 
tage level is shifted up or down. Pins set as input are 
in the floating state and the signal levels can thus be 
read. When data is written into the input port, the data 
is latched only to the port latch and the pin still remains 
in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 
For more details, see the processor mode information. 

(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O pins. For more details, see the processor mode in- 
formation. 

(5) Port P4 

Port P4 is an 8-bit I/O port with P-channel open drain 
outputs. This port also has the pull-down transistor 
option. 



(6) Port P5 

Port P5 is and input port with pull-up transistor option. 
See Figure 12 for more details. 

(7) Clock <f> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as $. 
(8). RESETqut Pin 



(9) 



(11) 



When the RESET pin goes to level "L", the RESETqut 
pin also goes to "L". On the other hand, when the RE- 
SET pin goes to level "H", the RESET OU t pin also goes 
to "H" after 8 clock cycles. This output is used to reset 
the external circuits. 
INTt pin 

The INTt pin is an interrupt input pin. The INTt inter- 
rupt request bit (bit 7 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

INT 2 pin 

The INT 2 pin is an interrupt input pin. When this signal 
level changes from "H" to "L", the interrupt request bit 
(bit 1 at address 00FE 16 ) is set to "1". 
CNTR pin 

The CNTR pin is an I/O pin of timer X. In the event 
counter mode, CNTR becomes the input pin of the ex- 
ternal pulse. In the pulse output mode, the CNTR out- 
put changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
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Fig. 12 Block diagram of port P0~P6 (single-chip mode) and output format of <j> 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 14 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 13. 
By connecting CNV S s to V SSl all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V C c automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 
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Fig. 13 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV SS is connected to V S s and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address data for port P0 is output 
when goes to "H" state. When goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
0goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original output functions while is at the "H" state, 
and works as a data bus of D 7 ~D (including instruc- 
tion code) while at the "L" state. Pins P3-| and P3 out- 
put the SYNC and R/W control signals, respectively 
while <f> is in the "H" state, and RDY signal is input from 
P3 2 pin. When in the "L" state, P3 2 , P3! and P3 retain 
their original I/O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The RDY is ready signal input and, when it goes to "L", 
internal clock stops and the CPU waits the data. 
However, the oscillation does not stop. 

(3) Microprocessor mode [10] 

After connecting CNV SS to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D 7 ~D ) and loses 
its normal I/O functions. Port P3 2 , P3 1 and P3 become 
the RDY, SYNC and R/W pins, respectively and the 
normal I/O functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV S s pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

This mode has almost the same function as the mem- 
ory expanding mode except that it needs to attach all 
program memories to the outside. 
The relationship between the input level of CNV SS and 
the processor mode is shown in Table 2. 



MITSUBISHI 
.ELECTRIC 



2-123 



MITSUBISHI MICROCOMPUTER 

M50745-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





CM, 


■ o • 


o 


1 


1 


CM 





' 1 


1 





\ Mode 
p o rt \ 


Single-chip mode 


Memory expanding mode 


Eva-chip mode 


Microprocessor mode 


Port PO 




r 




Same as left 




r 


d 


-I I 


-J 


Ports P0 7 ~P0 


Ports P0 7 ~P0 


Ports P0 7 ~P0 


X 


Y I/O port 


xrrx»-«x 


\J Address 
A A 7 ~A 




Port P1 




r 




Same as left 




r 


>j 


<i i 


'J 


Ports P1 7 ~P1 


Ports P1 7 ~P1 


Ports P1 7 ~P1 


X 


Y '/PP 011 


XT™:X«°>°«X . 


V Address 
A A 15 ~A 8 




Port P2 




r 




Same as left 




r 


d 


*\ l 


* I 


Ports P2 7 ~P2 


Ports P2 7 ~P2 


Ports P2 7 ~P2 


Y I/O port 


V Output V Data V 
A port A D 7 ~DoA 


\_ /bata 

J- \ D 7 ^ 


^Do)" 


Port P3 2 




r 




Same as left 




r 


d I 

Ports P3 7 ~P3 


*\ I 


*\ 


Ports P3 7 ~P3 3 


Ports P3 7 ~P3 3 


Y I/O port 


Y I/O port 
Port P3 2 


Y I/O port 
Port P3 2 


)( RDY )( I/O port J^ 


\/ 

J\ RDY 

Port P3t 


X. 

x: 




Y SYNC Y I/O port Y 


Y SYNC 
Port P3 


Port P3 


X R/W X i/o p° rt X 


X R/ ^ 









Table 2 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


V ss 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. . 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
17. 

When the STP instruction is executed, the oscillation of in- 
ternal clock is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <f> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address 00FF 16 ) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 15. 



The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock uasge is shown in Figure 16. 
X| N is the input, and X OU t is open. 











M50745-XXXSP 

X| N Xout 






28 


1MH 


29 






im 






IUI 

-LC| N Xc 

itr Tfr 


OUT 



Fig. 15 External ceramic resonator circuit 



M50745-XXXSP 

Xim Xqut 



28 a 



External 

oscillating 

circuit 



29 
Open 



ziimi 



Fig. 16 External clock input circuit 



Interrupt 
request 

Interrupt 
disable 
flag I 




STP instruction - 



S Q 



WIT 
instruciton 



S Q 



U 



KM 



1/2 



r~ 1/2 



S 



KX 



-STP instruction 



Internal clock <, 



1/8 




Prescaler X 



Overflow 



Timer X count stop bit 



O O 

Xin Xqut 



Fig. 17 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+2). 

(2) Set a value other than "0" for the timer and the pre- 
scaler. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(4) Reading the timer and prescaler must be abvoided 
while the input to the prescaler is changing. 

(5) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(6) A NOP instruction must be used after the execution of 
a PLP instruction. 

(7) Notes on serial I/O 

© Set "0" in the serial I/O interrupt enable bit (bit 2 of 

address 00FE 16 ) before setting the serial I/O mode. 
(D Insert at least one instruction and set "0" in the serial I/ 

O interrupt request bit (bit 3 of address 00FE 16 ) after 

setting the serial I/O mode. 
® Set "1" in the serial I/O interrupt enable bit after the 

operation described in (2). 

(8) The timer X and prescaler X must be set "FF 16 " im- 
mediately before the execution of a STP instruction. 



DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• Port P0 pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit 

• Port P3 pull-up transistor bit 

• Port P4 pull-down transistor bit 

• Port P5 pull-up transistor bit 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s- 

Output transistors are in "off" state. 


—0.3—7 


V 


V, 


Input voltage, RESET, X [N 


-0. 3—7 


V 


v, 


Input voltage, P4 ~P4 7 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , P3 ~P3 7 , 
P5 ~P5 7 , CNTR, INT7, W 2 , CNV ss 


—0.3—13 


V 


Vo 


Output voltage, P4 ~P4 7 , X ut, 4>, RESETout 


-0. 3~V cc +0. 3 


V 


Vo 


Output voltage, P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7l 
CNTR 


—0.3—13 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note1 ) 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




—40—125 


°C 



Note 1 : 300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS <T a = -10~70°C, V cc = 5V±10%, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V S s 


Supply voltage 









V 


V,H 


"H" input voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7l P5 ~P5 7> 


0. 8V CC 




Vcc 


V 


CNTR, INT,, INT 2 , RESET, X, Nl CNV SS 


V, L 


"L" input voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7l P5o~P5 7 , 
CNTR, TFTn, INT^, CNVss 







0. 2V CC 


V 


V, L 


"L" input voltage, RESET 







0.1 2 Vcc 


V 


V IL 


"L" input voltage, X !N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current, P0 ~ P0 7 , P1 ~ P1 7 
P2 ~P2 7 , P3 ~P3 7 
CNTR 






10 


mA 


'oL(avg) 


"L" averaged output current, P0 ~ P0 7 , P1 ~ P1 7 
P2 ~ P2 7 , P3 ~ P3 7 
CNTR, (Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current, P4 ~ P4 7 






-10 


mA 


'oH(avg) 


"H" averaged output current, P4 ~ P4 7 (Note 2 ) 






-5 


mA 


f (x IN ) 


Internal clock occillating frequency 






4 


MHz 



Note 2 : loL(avg). 'oH(avg) is the average current in 100ms. 

3 : "H" input voltage of ports P0, PI, P2, P3, and P5, CNTR, INT! and INT 2 is available up to +12V. 

(For ports, it is only when pull-up transistor is omitted.) 

4 : The total of loupeak) of P°rts PO, PI, P2, and P3 should be 80mA max. 

The total of I h( peak) of port P4 should be 80mA max. 
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ELECTRICAL CHARACTERISTICS (v c = sy. Vss = ov. T a = 25c 


. f(x, N ) = 4MHz, unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage, P4 ~P4 7 


Ioh = -10mA 


3 






V 


VoH 


"H" output voltage, <f>, RESET OU t 


Ioh = —2. 5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7 , P1 ~P17, P2 ~P2 7) 
P3 ~P3 7 , CNTR 


I l= 10mA 






2 


V 


Vol 


"L" output voltage, <f>, RESETout 


Iol = 5mA 






2 


V 


V t +-V t - 


Hysteresis, P3 6 


When used as CLK input 


0.3 




1 


V 


v T +-v T _ 


Hysteresis, CNTR, INtT, INT2" 




0.3 




1 


V 


V T +-V T - 


Hysteresis, RESET 






0.5 


0.7 


V 


V T +-V T - 


Hysteresis, X| N 




0.1 




0.5 


V 


l|L 


"L" input current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P5 ~P5 7 


V, = OV 

without pull-up transistor 






-5 


juA 


l|L 


"L" input current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P5 ~P5 7 


V, = OV 

with pull-up transistor 


-40 


-70 


-125 


juA 


I.L 


"L" input current, P4 ~P4 7 


V, = 0V 






—5 


MA 


'iL 


"L" input current, CNTR, INTl INT 2 , RESET, X, N 


V, = 0V 






-5 


UA 


l|H 


"H" input current, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3 ~P3 7 , P5 ~P5 7 


V, = 12V 

without pull-up transistor 






12 


juA 


l|H 


"H" input current, P0 o ~P0 7 , P1o~P1z. P2 ~P2 7l 
P3 ~P3 7 , P5 ~P5 7 


V, = 5V 

with pull-up transistor 






5 


juA 


I.H 


"H" input current, P4 ~P4 7 


V, = 5V 

without pull-down transistor 






5 


/uA 


I.H 


"H" input current, P4 ~P4 7 


V, = 5V 

with pull-down transistor 


40 


70 


125 


juA 


I.H 


"H" input current, CNTR, INT, INT 2 , RESET, X, N 


V, = 5V 






5 


MA 


Vram 


RAM retention voltage 


at clock stop 


2 






V 


Ice 


Supply current 


P-channel open- 
drain output pins are 
to Vcc. output pins 
are open, other I/O 
pins are connected 
to V ss . 


f(x IN ) = 4MHz 
square wave 




3 


6 


mA 


T a = 25°C 
at clock stop 






1 


UA 


T a = 70°C 
at clock stop 






10 


juA 
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TIMING REQUIREMENTS 

Single-Chip mode (V C c = 5V±10%, Vss = OV, T a = 25°C, f (X|N) = 4MHz, unless otherwise noted) 








Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (POD-0) 


Port PO input setup time 


270 






ns 


tsU (P1D-0) 


Port P1 input setup time 


270 






ns 


tsU (P2D-<4) 


Port P2 input setup time 


270 






ns 


tsU (P3D-<4) 


Port P3 input setup time 


270 






ns 


tsU (P4D-<*) 


Port P4 input setup time 


270 






ns 


tsU (P5D-<6) 


Port P5 input setup time 


270 






ns 


th («*-POD) 


Port PO input hold time 


20 






ns 


th U-P1D) 


Port P1 input hold time 


20 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 


th (<*-P3D) 


Port P3 input hold time 


20 






ns 


th (<*-P4D) 


Port P4 input hold time 


20 






ns 


th (<*-P5D) 


Port P5 input hold time 


20 






ns 


tc 


External clock input cycle time 


250 






ns 


t w 


External clock input pulse width 


75 






ns 


tr 


External clock rising edge 






25 


ns 


tf 


External clock falling edge 






25 


ns 



Memory expanding mode and eva-chip mode 

(V CC = 5V±10%, V ss = 0V, T a = 25 C, f (X|N ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu (POD-<4) 


Port P0 input setup time 


270 






ns 


tsU (P1D-<6) 


Port Pi input setup time 


270 






ns 


tsU (P2D-<*) 


Port P2 input setup time 


270 






ns 


tsU (RDY-(S) 


RDY input setup time 


150 






ns 


th (0-POD) 


Port P0 input hold time 


20 






ns 


th (<*-P1D) 


Port PI input hold time 


20 






ns 


th («»-P2D) 


Port P2 input hold time 


20 






ns 


th ((S-RDY) 


RDY input hold time 


500 






ns 



Microprocessor mode (Vcc = 5V±10%, V ss = OV, T a = 25°C, f (X|N) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-0) 


Port P2 input setup time 


270 






ns 


tsU (RDY-0) 


RDY input setup time 


150 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 


th ((0-RDY) 


RDY input hold time 


500 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V CC = 5V±10%, V ss = 0V, T a = 25 C, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<»-POQ) 


Port PO data output delay time 


Fig.18 






230 


ns 


td(<*-pio) 


Port P1 data output delay time 






230 


ns 


*d(0-P2Q) 


Port P2 data output delay time 






230 


ns 


*d(?>-P3Q) 


Port P3 data output delay time 






230 


ns 


t d(?*-P4Q) 


Port P4 data output delay time 


Fig.19 






. 230 


ns 



Memory expanding mode and eva-chip mode 



(V C c = 5V±10%, V S s = 0V, T a = 25°C, f (X|N ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(^-POA) 


Port P0 address output delay time 


Fig.18 






250 


ns 


td(0-POAF) 


Port P0 address output delay time 






250 


ns 


td(<*-POQ) 


Port PO data output delay time 






200 


ns 


td(«*-POQF) 


Port PO data output delay time 






200 


ns 


td(*-piA) 


Port P1 address output delay time 






250 


ns 


*d(<*-P1AF) 


Port P1 address output delay time 






250 


ns 


td(<*-pia) 


Port PI data output delay time 






200 


ns 


*d(!*-piQF) 


Port P1 data output delay time 






200 


ns 


td(0-P2Q) 


Port P2 data output delay time 






300 


ns 


*d(«»-P2QF) 


Port P2 data output delay time 






300 


ns 


td((*-R/W) 


R/W signal output delay time 






250 


ns 


td(<»-R/WF) 


R/W signal output delay time 






250 


ns 


^■6(.<fi-P3 Q Q) 


Port P3 data output delay time 






200 


ns 


td(<*-P3 QF) 


Port P3 data output delay time 






200 


ns 


*d(<*-SYNC) 


SYNC signal output delay time 






250 


ns 


*d(^SYNCF) 


SYNC signal output delay time 






250 


ns 


td(<*-P3iO) 


Port P3i data output delay time 






200 


ns 


td(<*-P3iQF) 


Port P3i data output delay time 






200 


ns 



MiCrOprOCeSSOr mode (Vcc = 5V±10%, V ss = 0V, T a = 25°C, f (X|N) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit. 


Min. 


Tvd. 


Max. 


*d(^-POA) 


Port PO address output delay time 


Fig.18 






250 


ns 


tdc^-p-iA) 


Port PI address output delay time 






250 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






300 


ns 


td(<6-POQF) 


Port P2 data output delay time 






300 


ns 


td(<*-R/w) 


R/W signal output delay time 






250 


ns 


tdU-SYNC) 


SYNC signal output delay time 






250 


ns 







-e- Vcc 

| ikn 




P0 
P1 
P2 
P3 


tz 100pF 
77T 


i' " 
= 100pF 

77T 








Fig.18 Ports P0~P3 test circuit 



Fig.19 Port P4 test circuit 
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TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port P5 input 



\ / 



— tfJ(^-P0Q) 



X 



x: 



td(«5-PiQ) 



td<*- 



< — td(tf-P3Q) 



X 



X 



- tfJ( ? j_p4Q) 



tsil(P0D-^ 



tsil(P1D-?» 

~A 



tsU(P2D-?5) 



yr 



tsU(P3D-0) 

~A 



X 



' th(^-POD) 



V 



• th(^-piD) 



X. 



-th(<4— P2D) 



X 



*— th(^-P3D) 
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In memory expanding mode and eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3, output (SYNC) 



Port P3 2 input (RDY) 



/-. \ 



*— trj(^-POA) ' -* 



X 



X 



-trj(^-PiA) -* 



X 



-trj(^-P2Q) — * 



X 



-tdu-R/w) —* 



A 



" tdU— SYNC) "~ * 



« — tsU(RDY-tf) 



-th(^-R 



/ 



*~ td(^-POAF) — * 

x>rz= 



* — td(^ 



tsil(POD-*0 



9) f 



^d(^-PIAF) ~ * 

XX 



-trju-piQ) 



tSU(P1D-^) y 



*- td(?i-P2QF) 

x>cz 



tsU(P2D-?i) y 



*d(^— R/WF) 

)OCZ 



■^td(56-P3 Q) 



" td(^-SYNCF) 






-td(#-P3 1 Q) 



«- td(<*-P0QF) 



X 



K 



*— th(0-POD) 

td(^-PIQF) 



X 



K 



< — thc^— pid) 



X 



X 



*— th(0— P2D) 
— tfJ(^-p3 oQF ) 



X 






- td(0-P3,QF) 
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In microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/w) 



Port P3, output (SYNC) 



Port P3 2 input (RDY) 



y 



X 



* tfJ(0-poA) 



X 



X 



■ t(J(<6-P1A) 



X 



High impedance 



x 



* — td(«*-R/w) 



X 



* tdU-SYNC) 



X 



«— tsU(RDY-^) 



-^h(<6-RDY) 



/ 



- td(^-P2Q) — » 



tsU(P2D-^) 



A 



X 



X 



-td( < A-P2QF) 



x: 



-th( < 6-p2D) 



X 



X 
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DESCRIPTION 

The M50747-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50747-XXXSP and the 
M50747-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 



DISTINCTIVE FEATURES 



69 

8192 bytes 
•256 bytes 



• Number of basic instructions 

• Memory size ROM 

RAM • 

• Instruction execution time 

1/^s (minimum instructions at 8MHz frequency) 

• Single power supply f(X, N )=8MHz •5V±10% 

• Power dissipation 

normal operation mode (at 8MHz frequency) ••••30mW 

• Subroutine nesting ••••• 128 levels (max.) 

• Interrupt 7 types, 5 vecters 

• 8-bit timer -3 (2 when used as serial I/O) 

• Programmable I/O (Ports PO, P1, P2, P3, P4) •'••• 40 

• Input ports (Port P5); 8 

• Output ports (Port P6) 8 

• Serial I/O (Clock synchronized or UART) ••••1 

APPLICATION 

Office automation equipment 
VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 
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FUNCTIONS OF 


M50747-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1;us (minimum instructions, at 8MHz of frequency) 


Clock frequency 


8MHz 


Memory size 


ROM 


81 92bytes 


RAM 


256bytes 


Input/Output port 


TntT 


Input 


1-bitX1 


PO, P1, P2, P3, P4 


I/O 


8-bitX5 (Part of P3 are in common with Input/output of serial I/O, 
timer I/O and INT2 interrupt input) 


P5 


Input 


8-bitX1 


P6 


Output 


8-bitXl 


Serial I/O 


8-bit or 9-bitX1 


Timers 


8-bit prescalerX2+8-bit timerX3 (8-bit timerX2 when serial I/O is used) 


Subroutine nesting 


128 levels (max.) 


Interrupts 


Two external interrupts (1 of external interrupt is in common with port P32) 
Three timer interrupts (or timerX2, serial I/OX1 ) 


Clock generating circuit 


Built-in (Ceramic or Quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at high-speed operation 


30mW (at 8MHz frenquency) 


Input/Output characteristics 


Input/output voltage 


5V 


Output current 


5mA (Ports P3.P4, P6) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


M50747-XXXSP 


64-pin shrink plastic molded DIP 


M50747-XXXFP 


72-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
V ss 


Supply voltage 




Power supply inputs 5V±10% to Vcc, and OV to Vss. 


CNVss 


CNVss 




This is usually connected to Vss- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X ut pins. If an external clock is used, the clock 
source should be connected the X !N pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 


<t> 


Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an I/O pin for the timer X. 


TntT 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 6 , 
P3 5 , and P3 4 work as CLK, T X D pins, respectively. 

When clock synchronous serial I/O is used, P3 7 works as S RD y- Also P3 3 and P3 2 work as CNTR pin and the 
lowest order interrupt input pin (INT 2 ) , respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 


P6 ~P6 7 


Output port P6 


Output 


Port P6 is an 8-bit output port. The output structure is CMOS output. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50747-XXXSP is shown in Figure 
1. Addresses E000 16 to FFFF 16 are assigned to the built-in 
ROM area which consists of 8192 bytes. 
Addresses FF00 16 to FFFF 16 are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2, bytes. Addreeses FFF4 16 to 
FFFF 16 are vector addresses used for the reset and inter- 



rupts (see interrupt chapter). Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 00BF 16 and 0100 16 to 013F 16 are 
assigned to the built-in RAM and respectively consist of 
192 bytes and 64 bytes of static RAM. In addition to data 
storage, this RAM is used for the stack during subroutine 
calls and interrupts. 



Zero page < 

ROM i 
(8192 bytes) 








Decimal 








RAM 
(192 bytes) < 








/ 
/ 

/ 
/ 
/ 

191 / 

/ 
/ 
/ 
/ 
/ 
/ 

255 

\ 
\ 
\ 

\ 
\ 
\ 

\ 
\ 
\ 

\ 

\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
INT 2 \ 
S I/O or Timer 2 ^ 

Timer 1 \ 
\ 
Timer X \ 

Int7 ^ 


00 Ed 6 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED 16 
00EE 16 

-00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
00FE 16 

\ 00FF 16 


Port PO 




Pr»rt DO directional 
rori KU register 


Port P1 


Dr%rt D1 directional 
MOrt Ml register 


00E0i 6 

< 00FF 16 
RAM I 0100 16 

(64' bytes) | 013F 16 

r E000 16 

.ccnn . 


Not used 


Port P2 


Pnrt DO directional 
KOrt VI register 








Port P3 




Dnrt dq directional 
h-ort V-i register 


Port P4 


Not used 


Dnrt D/ directional 
Port P4 register 


Port P5 




Port P6 














Special 

page for 

subroutine * 

call 


FFF4 16 
FFFF 16 




Transmit/Receive 
mode register 


Transmit/Receive 
control register 


Transmit register 


Receive buffer register 




Timer 1,2 prescaler 


Address L 
Address H 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer X prescaler 


Address L 
Address H 


Timer X 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 


RESET 








65535 









Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



7 







A 


7 







X 


7 







Y 


7 







S 



15 


7 


PC H 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 



- Carry flag 

- Zero flag 

- Interrupt disable flag 

- Decimal mode flag 

- Break flag 

- Index X mode flag 

- Overflow flag 

- Negative flag 



Fig. 2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The location of the stack can be determined by the stack 
page bit (bit 4 at address 00FF 16 ). When bit 4 is "0" and 
the contents of the stack pointer is XXi 6 , the stack address 
is set to 00XX 16 . When bit 4 is "1", the stack address is set 
to 01XX 16 . When using this microcomputer in the single- 
chip mode, the stack page bit must be "0" and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTl) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction, (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or. the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 

Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16) FFFE 16 


Int7 


2 


FFFD 16 , FFFC 16 


Timer X 


3 


FFFB 16l FFFA 16 


Timer 1 


4 


FFF9 16l FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16) FFF6 16 


Tnt^ (brk) 


6 


FFF5 16> FFF4 16 



INTERRUPT 

The M50747-XXXSP can be interrupted from seven souces; 
INTl timer X, timer 1, timer 2/serial I/O, or INT 2 /BRK in- 
struction. 

However, the INT 2 pin is used with port P3 2 and the corres- 
ponding directional register bit should be set to "0" when 
P3 2 is used as an interrupt input pin. 

The value of bit 2 and bit 3 of the transmit/receive mode 
register (address 00F4 16 ) determine whether the interrupt 
is from timer 2 or from serial I/O. When these bits are "00" 
the interrupt is from timer 2, otherwise the interrupt is from 
serial I/O. Also, when the bit 2 is "1", parts of port P3 are 
used for serial I/O. These interrupts are vectored and their 
priorities are shown in Table 1. Reset is included in this 
table since it has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and /the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupts are inhibited when the interrupt disable flag is set 
to "1". All of the other interrupts can further be controlled 
individually via the interrupt control register shown in Figure 



K^ 



rO 



rO 



[<# 



O 



Interrupt 
request 




L^P 



Interrupt disable flag I 



7 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : INTt pin interrupt request bit 

Bit 6 : INTt pin interrupt enable bit 

Bit 5 '. Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial I/O interrupt request bit 

Bit 2 : Timer 2 interrupt or serial I/O interrupt enable bit 

Bit 1 : INT 2 pin interrupt request bit 

Bit : INT 2 pin interrupt enable bit 



Timer control register (Address 00FFi 6 ) 
Bit 7 : Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
Bit 5 : Timer X count stop bit 
Bit 4 : Stack page bit 
Bit 3 : ) 
Bit 2 : 
Bit 1 : 
BitO : 



\ Timer X mode bit 



Processor mode bit 



Fig.3 Interrupt control 
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3. An interrupt is accepted when the interrupt enable bit 
and the interrupt request bit are both "1" and the interrupt 
disable flag is "0". 

The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the INT^ or Wf 2 pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
The interrupt from serial I/O is used switching with that 
from timer 2. This interrupt is slightly different from the 
others. When serial I/O is selected, the interrupt becomes 
automatically the interrupt from serial I/O. Because the in- 
terrupt request bit of timer 2 is edge-senced and not level- 



senced, when interrupts are generated from both transmit 
and receive sides as illustrated in Figure 5, transmit inter- 
rupts will not be accepted by only taking OR of receive in- 
terrupt flag Rl and transmit flag Tl. Even if Rl is cleared to 
"0" by executing receive interrupt processing and is re- 
turned to the main routine, Tl is "1" and its level will not be 
changed. In order to accept interrupts in the above state, 
when Rl or Tl is cleared from "1" to "0" the pulse is gener- 
ated automatically and lets the request bit go from "H" to 
"L". By doing so, the level will be changed. The interrupt 
processing routine of serial I/O is shown in Figure 4. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



Interrupt entrance 



Interrupt disable flag is set to "1" 

and interrupt request bit is cleared to "0" 

by hardware 




Interrupt exit 



Fig.4 Interrupt processing routine 
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TIMER 

The M50747-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial I/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
"1", the timer X will stop regardless of which mode it is in. 
A block diagram of timer X, timer 1, timer 2 and serial I/O 
is shown in Figure 5. 

The P3 3 /CNTR pin cannot be used as CNTR when P3 3 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n-{-1), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 



latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see interrupt section). 
The four modes of timer X as follows: 

(1) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 
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Fig. 5 Interrupt block diagram of timer X, timer 1, timer 2 and serial I/O 
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(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 6. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16l 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 
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Fig.6 Structure of timer control register 
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SERIAL I/O 

Figure 7 is a block diagram of the serial I/O. Two types ex- 
ist in serial data transfer: the clock synchronous type in 
which data is transferred, synchronized with the clock, and 
the asynchronous type (UART) in which data is transferred 
using the start and stop bits. The user can choose either 
type. There are two asynchronous type modes: 8-bit data 
transfer and 9-bit data transfer. The receive ready signal 
(Srdy) . clock I/O (CLK) , data I/O (T X D and R X D) pins 
share the same pins as P3 7 , P3 6 , P3 5 , P3 4 . 
Figure 8 gives the bit configuration for the transmisson/re- 
ceive mode register and transmisson/receive control regis- 
ter. The transmit/receive mode register (00F4 16 ) is a 5-bit 
register. Bits 1 and are used to define the clock source 
for synchronization. When the contents of bits 1 and are 
[00] or [01] , respectively, the external clock is used. The 
external clock is input to pin P3 6 . Use an external clock 
with a 50% duty cycle and a frequency lower than 500kHz. 
When the contents of bits 1 and are [10] or [11], respec- 
tively, the built-in clock is used. 

When the contents are [10] , the overflow signal from timer 
2 is used for the clock source. Therefore, by changing the 
division rate, the data transfer speed can be controlled. 
When the contents are [11] , the frequency obtained by di- 
viding the oscillation frequency by 16 is used as the clock 
source. 

Bits 2 and 3 are used to define which pins on port P3 are to 
be used as serial I/O, and which type of serial I/O to used. 
When the contents are [00] , respectively, port P3 is used 
as a normal parallel port. 

When the contents are [01] , respectively, the clock syn- 
chronous type serial I/O is used. 

P3 7 /S RDY on port P3 is used as the receive ready signal 
pin. P3 6 /CLK is used as the input or output pin. When an 
external clock is to be used, the signal from the clock is 
connected to this pin. When the built-in clock is to be used, 
the signal from the clock is output to this pin. P3 5 /T X D is 
used as the serial data output pin. P3 4 /R X D is used as the 
serial data input pin. When this pin is not used as the serial 
data input pin, it can be used as the normal input/output 
pin. When this pin is used as the serial data input pin, set 
the directional register to the input mode. 
When the contents are [10], this serial I/O is used as an 8- 
bit asynchronous serial I/O. If the external clock source is 
selected together with the bit contents [10] , the clock sig- 
nal is input to P3 6 /CLK on port P3. The data transfer speed 
is 1/16 of the clock frequency. When the built-in clock is 
used, this can be. used as the normal input/output pin. P3 5 / 
T X D is used as the serial data output pin. P3 4 /R X D is used 
as the serial data input pin. When this is not used as the 
serial data input pin, it can be used as a normal input/out- 
put pin. When this pin is used as a serial data input pin, set 
the directional register to the input mode. When the con- 
tents are [11] , a 9-bit asynchronous serial I/O is selected. 
The functions on port P3 are the same as in the 8-bit case. 
Bit 4 is used to select the sleep mode. The sleep mode is 



valid only for asynchronous transmission. See the section on 
the sleep mode for further explanation. When the contents 
are "0", the sleep mode is disabled. When the contents are 
"1", the sleep mode is enabled. 

The transmission/receive control register is an 8-bit regis- 
ter. Bits 1, 3, 4, 5 and 7 are for read only. Each bit is ex- 
plained as follows. 

Transmit enable bit (TE) 

When this bit is set to "0", the send clock is pulled up to 
"H", the transmit completion bit (Tl) is cleared to "0", trans- 
mission is terminated, and the serial I/O is initialized. When 
this bit is set to "1", transmission starts. Therefore, send 
data must be written into the transmission register prior to 
setting it to "1". When the transmission is completed, the 
serial I/O stops and the transmission clock is pulled up to 
"H" automatically. 

Once the above operation has been peformed, transmission 
starts by writing data into the transmission register. 

Transmit completion bit (Tl) 

This bit is cleared to "0" when the transmit enable bit (TE) 
is set to "0", or when data is written into the transmission 
register. When transmission is completed, this bit is set to 
"1". An OR operation is performed between the transmit 
completion bit (Tl) and the receive completion bit (Rl), and 
the result is input into the interrupt request bit (bit 3 of 
address 00FE 16 ). See the section on interrupts for more in- 
formation. 

Receive enable bit (RE) 

When this bit is cleared to "0", the receive completion bit 
(Rl), the overrun framing error (OFR), and the receive par- 
ity error bit (PER) are cleared and initialized. When this bit 
is set to "1", the I/O enters the receive enable status. For 
the clock synchronous type serial I/O, data is fetched from 
the P3 4 /R X D pin and the contents of the receive register 
are shifted by 1 bit every time the receive clock changes 
from "L" to "H". For the asynchronous type I/O, receiving 
starts when a start bit is forwarded to P3 4 /R X D. 

Receive completion bit (Rl) 

This bit is cleared to "0" when the receive enable bit is set 
to "0", or when writing is performed to the receive buffer 
register. If the receive buffer is written to, no data is written 
in the register and the previous data is preserved. When a 
set of data arrives in the receive buffer, and the receive 
completion bit (Rl) is "0", data is transferred to the receive 
buffer register. With this operation, receiving terminates 
and the receive completion bit (Rl) is set to "1". An OR op- 
eration is performed between the receive completion bit 
(Rl), the transmit completion bit (Tl), and the result is input 
to the interrupt request bit (bit 3 at address 00FE 16 ) . For 
more information on the interrupts, see the corresponding 
section. 
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Overrun framing error bit (OFR) 

When the receive enable bit (RE) is set to "0" or when 
writing is performed to the receive buffer register, this bit is 
cleared to "0". If an overrun or framing error occurs, this bit 
is set to "1". An overrun, error occurs when the receive 
completion bit (Rl) remains set to "1" and the next data is 
transferred from the receive register to the receive buffer 
register. A framing error occurs when data arrives in the re- 
ceive register, (which should be transferred to the receive 
buffer register), and no stop bit exists. This bit is valid only 
for asynchronous transmission. 

Receive parity error bit (PER) 

When the number of "1"s is in the received data register is 
odd, this bit is set to "1". This bit is cleared to "0" when the 
receive enable bit (RE) is set to "0" or when writing is per- 
formed to the receive buffer register. 

Receive data bit (T8) 

For 9-bit asynchronous transmission, this bit is transmitted 
as bit 8 data. 

Receive data bit 8 (R8) 

For 9-bit asynchronous transmission, this bit is used to re- 
ceive the bit 8 data. 

The operation of each transmission method is described 
below. 

CLOCK SYNCHRONOUS TYPE SERIAL 
TRANSMISSION 

Receiving starts when the receive enable bit (RE) is set to 
"1". Every time the receive clock changes from "L" to "H", 
data is fetched from P3 4 /R X D pin and, simultaneously, the 
contents of the receive register are shifted by 1 bit. Data 
transmission starts from the least significant bit. When 8 bits 
of data are received, the receive completion bit (Rl) is set 
to "1". When Rl changes from "0" to "1", the interrupt re- 
quest bit is set to "1". When the internal clock is used, the 
receive clock stops in the "H" condition. When the external 
clock is used, the clock does not stop. In this case, control 
this clock using external devices. Once the receive enable 
bit (RE) is set to "1", writing to the receive buffer register 
clears the receive completion bit (Rl) and receiving res- 
tarts. Set a "0" in the transmission enable bit during re- 
ceiving. 

Setting "1" in the transmission enable bit (TE) starts the 
transmission. Accordingly, write data in the transmission 
register before setting TE to "1". Every time the transmis- 
sion clock changes from "H" to "L", data is output from the 
P3 5 /T X D pin. Data transmission starts from the least signifi- 
cant bit. The transmission completion bit (Tl) is set to "1" 
for each 8 bits of data transmitted. When Tl changes from 
"0" to "1", the interrupt request bit is set to "1". When the 



internal clock is used, the clock stops in the "H" position af- 
ter transmitting 8 bits of data. When an external clock is 
used, the clock does not stop. In this case, control this 
clock using external devices. Once the transmission enable 
bit is set to "1", writing data to the transmission register 
clears the transmission completion bit to "0" and starts the 
transmission. Set a "0" in the receive enable bit during 
transmission. When the external clock is used, the trans- 
mission speed is the same as that of the clock. When the 
internal clock is used, the clock frequency obtained by di- 
viding the clock source by 16 is used for the transmission 
speed. Figure 9 gives the transmission timing. This figure 
also gives the timings for 8-bit and 9-bit asynchronous 
transmission, which is explained below. 

8-BIT ASYNCHRONOUS TRANSMISSION 

Setting the receive enable bit (RE) to "1" brings the I/O 
into the receiving ready status. Transmission starts when 
the first data that changes the level from "H" to "L" is re- 
ceived, and data is forwarded to the receive register. When 
8 bits of data are received and the receive completion bit 
(Rl) is set to "1", the 8-bits of data are transferred to the 
receive buffer register, and Rl is set to "1". See the section 
on the interrupts for more information. If Rl is set to "1", no 
transfer is performed. The overrun framing error bit (OFR) 
is set to "1" when Rl is set to "1" and the next data is re- 
ceived. When the stop bit is set to "0", the OFR bit is set to 
"1" regardless of the Rl bit status. No other condition will 
change the contents of this bit. When the number of "1"s in 
the received data register is odd, the receive error bit 
(PER) is set to "1". No other condition will change the con- 
tents of this bit. Bits Rl, OFR, and PER are cleared to "0" 
when writing is performed to the receive buffer register. 
When 8-bits of data are received, receiving automatically 
halts and the start bit of the next data is ready. 
When the transmission enable bit (TE) is set to "1" (after 
writing data to the transmit register) , transmission starts. 
First, the start bit "0" is sent, and data is transferred starting 
from the least significant bit. When the stop bit "1" is sent, 
the transmission completion bit (Tl) is set to "1" and the 
transmission terminates. For more information on the inter- 
rupt, see the corresponding section. After the above opera- 
tion has been performed, the transmission completion bit 
(Tl) is cleared to "0" and transmission restarts after writing 
to the transmit register is performed. 

9-BIT ASYNCHRONOUS TRANSMISSION 

Operation for 9-bit asynchronous transmission is same as 8- 
bit asynchronous transmission except that the transmission 
data consists of 9 bitsl When receiving data, bit 8 of the re- 
ceived data is input to bit 7 on address 00F5 16 (transmit/ 
receive control, register) . When transmitting data, the con- 
tents of bit 6 in the transmit/receive control register is out- 
put as bit 8 of the send data. 
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SLEEP MODE 

For 9-bit asynchronous transmission, when bit 4 (SM 4 ) of 
the transmit/receive mode register (00F4 16 ) is set to "1" 
and bit 8 of the receive data is "0", the received data is 
ignored. When bit 8 of the receive data is set to "1", data is 
received. When the contents of SM 4 is "0", data is re- 
ceived, regardless of the contents of bit 8 of the received 
data. For 8-bit asynchronous transmission, the stop bit 
works as bit 8 of the received data. The sleep mode is 
used when several local microcomputers are to be con- 
nected to a single host computer through the serial I/O. 
First, the host computer sets T8 to "1" and sends data. The 
data contains the address of the local microcomputer to be 
accessed. All the local microcomputers receive the same 
data. Each local microcomputer checks the data (address), 
and if the address is that assigned to the local micro- 
computer, bit 4 of the transmit/receive mode register is set 
to "0". Bit 4 of the registers of all the other local micro- 
computers is set to "1". Then, the host computer starts 
transmission by setting T8 to "0". The local microcomputer 
whose SM 4 is "0" receives the transmitted data, while the 
other local microcomputers continue program execution 
without being interrupted by serial I/O. This is because 
SM 4 on these computers set to "1". Thus, the host computer 
can communicate with a specific microcomputer. 
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Fig. 8 Bit structure of transmit/receive mode register and transmit/receive control register 
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RESET CIRCUIT 

The M50747-XXXSP is reset according to the sequence 
shown in Figure 10. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/iS while the power voltage is in the recom- 



mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 11. 
An example of the reset circuit is shown in Figure 12. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X| N -X ut becomes stable. 
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Note 1 : Frequency relation of f(X, N ) and 4> is f(X| N ) =4* <j> 

2 '. The mark " ? " means that the address is changeable depending on the previous state 



Fig. 10 Timing diagram at reset 



(1) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P3 directional register 

(5) Port P4 directional register 

(6) Port 6 (Notel) 

(7) Transmit/Receive mode 
register 

(8) Transmit/Receive control 
register 

(9) Prescaler X 

(10) Timer X 

(11) Interrupt control register 

(12) Timer control register 



(13) Interrupt disable 
flag for processor 
status register 

(14) Program counter 



Address 

E 1 , 6 ) • 

E3 16 )• 

E5 1S )• 

E9 16 )• 

EB 16 )• 

EE 16 )• 

Hi. )-MM 

F5 16 ) 



16 



16 



16 



16 



16 



FF 16 



FC 16 )• 
FD 16 ')- 

FE 16 )• 

FF 16 )• 

PS ) • 

PC H )• 

PC L )• 



FF 16 



l 1 6 



; o 16 



1 0l 6 



Note 1 ! Port P6 is the high-impedance state during reset. 
After return from reset, it is "FF 16 ". 
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Fig. 12 Example of reset circuit 



Fig.1 1 Internal state of microcomputer at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 
For more details, see the processor mode information. 

(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O, INT 2 and I/O pins for timer X. For more details, 
see the processor mode information. 

(5) Port P4 

Port P4 has the same function as port PO in the single- 
chip mode. This function does not change even though 
the processor mode changes. 
(6). PortP5 

Port P5 is an input. 

(7) PortP6 

Port P6 is a CMOS output port. See Figure 13 for more 
details. 

(8) Clock <j> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as <f>. 



(9) INT! pin. 

The INT! pin is an interrupt input pin. The INTi inter- 
rupt request bit (bit 7 at address 00FEi 6 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(10) ]NT^pin(P3 2 /INT^pin) 

The INT 2 pin is an interrupt input pin used with P3 2 . To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input ("0"). When this 
signal level changes from "H" to "L", the interrupt re- 
quest bit (bit 1 at address 00FEi 6 ) is set to "1". 

(11) CNTR pin(P3 3 /CNTR pin) 

The P3 3 /CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input ("0"). In the event coun- 
ter mode, CNTR becomes the input pin of the external 
pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
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Fig. 13 Block diagram of ports P0~P6 (single-chip mode), and <t> output format 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- (3) 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 15 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 14. 
By connecting CNV SS to V ss , all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to (4) 
CNV SS places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 



ffff 1( 



ooco 16 



oooo 1£ 



Internal ROM 




Internal RAM 



Memory 

expanding 

mode 



Eva-chip 
mode 



Microprocessor 
mode 



The shaded area is external 
memory area 



Fig. 14 External memory area in processor mode 

(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to Vss- Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV S s is connected to V S s and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and the original I/O pin function is lost. 



Port P2 becomes the data bus of D 7 ~D (including in- 
struction code) and loses its normal I/O functions. Pins 
P3t and P3 output the SYNC and R/W control signals, 
respectively when Renters into the "H" state. Port P3 2 
functions as an input port during this same transition. 
Microprocessor mode [10] 

After connecting CNV S s to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D 7 ~D ) and loses 
its normal I/O functions. Port P3t and P3 become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. 
Eva-chip mode [11] 

When 10V is supplied to CNV S s pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port P0 is output 
when <f> goes to "H" state. When <f> goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
<f> goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original output functions while <j> is at the "H" state, 
and works as a data bus of D 7 ~D (including instruc- 
tion code) while at the "L" state. Pins VZ\ and P3 out- 
put the SYNC and R/W control signals, respectively 
while <t> is in the "H" state. When in the "L" state, P2>^ 
and P3 retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 
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Same as left 
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•I I 


j 




Ports P1 7 ~P1 


Ports P1 7 ~P1 


Ports P1 7 ~P1 
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X A C-?. , X" ow X 


V Address 
A A 15 ~A 8 


X 




Port P2 
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r 


Same as left 
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Ports P2 7 ~P2 


Ports P2 7 ~F 
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Ports P2 7 ~P2 
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V I/O port 


V Output V'Data Y 
A port A D 7~DoA 


/Data 
\ D 7 


-Do/"" 






Port P3 




r 








r 


Same as left 


•j i 

Ports P3 7 ~P3 


•i i 


•J 

Ports P3 7 ~F 


Ports P3 7 ~P3 2 


3 2 




Y I/O port 


Y I/O port 
Port P3t 


Y I/O port 
Port P3, 


Y SYNC Y I/O port Y 


X sync 

Port P3 


X 


Port P3 


A R/w A l/c> port A 


X R/ ^ 


X. 













Fig. 15 Processor mode and functions of ports P0~P3 



Table 2 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


Vss 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
18. 

When the STP instruction is executed, the oscillation of in- 
ternal clock is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock </> keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock 4> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address 00FF 16 ) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 16. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 



M50747-XXXSP 

X| N Xqut 



29 



1MO 



HDr- 



J-C.K 



30 



J- CqUT 



Fig. 16 External ceramic resonator circuit 



M50747-XXXSP 

X| N Xqut 



30 
Open 



External 

oscillating 

circuit 



:nnm 



Fig. 17 External clock input circuit 

suggested value. 

The example of external clock uasge is shown in Figure 17. 

X )N is the input, and Xqut is open. 




KX 



Reset 



- STP instruction 



Internal clock <j> 



DtE 



1/8 



VTA 



o o 

Xin Xqut 



Prescaler X 



Timer X 



Timer X converter stop bit 



Fig. 18 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send. the following data for mask orders. 

(1 ) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 



9 _ 1RK _w MITSUBISHI 

^ lt5b ~^\ ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50747-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s- 
Output transistors cut-off 


-0.3—7 


V 


V, 


Input voltage, RESET, X, N , INTl P5 ~P5 7 


-0. 3—7 


V 


V, . 


Input voltage, P0 o ~P0 7 , Plo-Pl/, P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7 , 


-0. 3— Vcc+0. 3 


V 


v, 


Input voltage, CNVss 


—0.3—13 


V 


Vo 


Output voltage, P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7 , P6 ~P6 7 , Xout, <f> 


-0. 3— Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1 000 ( Note 1 ) 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



Note 1 : 300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (Vcc = 5V±10%, T a = -10~70C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V, H 


"H" input voltage, P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 


0. 8V CC 




Vcc 


V 


INT,, RESET, X| N , CNV SS 


V, L 


"L" input voltage, P0 ~P0 7 , P1 ~P1 7 . P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7> P5 ~P5 7 , 
INT^, CNVss 







0. 2V CC 


V 


v, L 


"L" input voltage, RESET 







0.12V CC 


V 


V, L 


"L" input voltage, X| N 







0. 1 6V CC 


V 


'oL(peak) 


"L" peak output current, P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current, P0 ~P0 7 , P1 — PI7. P2 ~P2 7) 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 
(Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 






-10 


mA 


'oH(avg) 


"H" average output current, P0 ~P0 7 , P1 ~ PI7. P2 ~P2 7 , 
P3 ~P3 7> P4 ~P4 7 P6 ~P6 7 , 
(Note 2) 






-5 


mA 


f (x, N ) 


Internal clock oscillating frequency 






8 


MHz 



Note 2 : The average output current loL(avg) ar| d loH(avg) a re tn ^ average value of a period of 100ms 
3." Total of loL(peak). of ports P0, PI, and P2 is 20mA 
Total of loH(peak). of ports PO, P1 , and P2 is 20mA 
Total of liL(peak). of ports P3, P4, and P6 is 80mA 
Total of loH(peak). ° f ports P3 and P4 is 20mA 
Let the total of loH(peak). of ports P6 below 60mA 
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ELECTRICAL CHARACTERISTICS (v cc = sv. v ss = ov, r a = 25 c 


. f(x, N ) = 8MHz, unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage, P0 ~P0 7 , P1 ~Pl7. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 


l OH = -10mA 


3 






V 


Voh 


"H" output voltage, <f>, 


Ioh = -2. 5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 


l 0L = 10mA 






2 


V 


Vol 


"L" output voltage, <t> 


Iol = 5mA 






2 


V 


V t +-V t - 


Hysteresis, P3 6 


When used as CLK input 


0.3 




1 


V 


V T+ -V T - 


Hysteresis, INTi 




0.3 




1 


V 


V T +-V T _ 


Hysteresis, P3£ 


When used as INT 2 pin 


0.3 




1 


V 


V t +-V t _. 


Hysteresis, P3 3 


When used as CNTR input 


0.3 




1 


V 


V t +-V t - 


Hysteresis, RESET 






0.5 


0.7 


V 


V t +-V t - 


Hysteresis, X| N 




0.1 




0.5 


V 


Iil 


"L" input current, P0 o ~P0 7 , P1 ~P1 7 . P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 


V, = OV 






-5 


juA 


P6 ~P6 7 , INTl RESET, X| N 


I.H 


"H" input current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 


V, = 5V 






5 


/uA 


P6 ~P6 7 , INT 1f RESET, X| N 


Vram 


RAM retention voltage . . 


At stop mode 


2 






V 


'cc 


Supply current 


Output terminals 
are opened, 
others to V S s 


f(x IN ) = 8MHz 
Square wave 




6 


12 


mA 


At stop mode 
T a = 25°C 






1 


/uA 


At stop mode 
T a = 70°C 






10 


MA 
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TIMING REQUIREMENTS 

Single-Chip mode (Vcc = 5V±10%, V ss = OV, T a = 25°C, f (X|N) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu (POD-<6) 


Port PO input setup time 


200 






ns 


tsU (P1D-<6) 


Port PI input setup time 


200 






ns 


tsU (P2D-<6) 


Port P2 input setup time 


200 






ns 


tsU (P3D-0) 


Port P3 input setup time 


200 






ns 


tsU (P4D-<6) 


Port P4 input setup time 


200 






ns 


tsU (P5D-0) 


Port P5 input setup time 


200 






ns 


th (tf-POD) 


Port PO input hold time 


20 






ns 


th (<*-P1D) 


Port PI input hold time 


20 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 


th (0-P3D) 


Port P3 input hold time 


20 






ns 


th (0-P4D) 


Port P4 input hold time 


20 






ns 


th (<*-P5D) 


Port P5 input hold time 


20 






ns 


tc 


External clock input cycle time 


125 






ns 


t W 


External clock input pulse width 


62 






ns 


tr 


External clock rising edge time 






20 


ns 


tf 


External clock falling edge time 






20 


ns 



Eva-chip mode and microprocessor mode 



(Vcc = 5V±10%, V ss = 0V, T a = 25°C, f (: 



= 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (POD-0) 


Port P0 input setup time 


200 






ns 


tsU (P1D-0) 


Port P1 input setup time 


200 






ns 


tsU (P2D-0) 


Port P2 input setup time 


150 






ns 


th (0-POD) 


Port P0 input hold time 


20 






ns 


th (<*-pid) 


Port P1 input hold time 


20 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 



Memory expanding mode and microprocessor mode 



(V C c = 5V±10%, V ss = 0V, Ta = 25 C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-0) 


Port P2 input setup time 


150 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V CC = 5V±10%, V ss = 0V, Ta = 25 C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*-POQ) 


Port PO data output delay time 


Fig.19 






200 


ns 


td(<*-pio) 


Port P1 data output delay time 






200 


ns 


td((*-P2Q) 


Port P2 data output delay time 






200 


ns 


td(<*-P3Q) 


Port P3 data output delay time 






200 


ns 


td(<*-P4Q) 


Port P4 data output delay time 






200 


ns 


td((*-P6Q) 


Port P6 data output delay time 






200 


ns 



Eva-chip 


mode (V CC = 5V±10%, V ss = 0V, T a = 25°C, f( X|N ) = 8MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(^-POA) 


Port P0 address output delay time 


Fig.19 






150 


ns 


td(^-POAF) 


Port P0 address output delay time 






150 


ns 


td(?4-POQ) 


Port P0 data output delay time 






200 


ns 


td(<*-POQF) 


Port P0 data output delay time 






150 


ns 


tdU-p-iA) 


Port P1 address output delay time 






150 


ns 


*d(9*-P1AF) 


Port PI address output delay time 






150 


ns 


td(<*-p-ia) 


Port P1 data output delay time 






200 


ns 


tdU-PIQF) 


Port PI data output delay time 






150 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






200 


ns 


*d(5*-P2QF) 


Port P2 data output delay time 






150 


ns 


*d(<*-R/w) 


R/W signal output delay time 






150 


ns 


td(<*-R/WF) 


R/W signal output delay time 






150 


ns 


td(<*-P3 a) 


Port P3 data output delay time 






200 


ns 


td(<*-P3 QF) 


Port P3o data output delay time > 






150 


ns 


td(<*-SYNC) 


SYNC signal output delay time 






150 


ns 


td(<*-SYNCF) 


SYNC signal output delay time 






150 


ns 


tdC^-PSTQ) 


Port P3t data output delay time 






200 


ns 


tdC^-PSiQF) 


Port P3i data output delay time 






150 


ns 



Memory expanding mode and microprocessor mode 



(V C c = 5V±10%, V ss = 0V, T a = 25°C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<* -POA) 


Port P0 address output delay time 


Fig.19 






150 


ns 


td(<*-PiA) 


Port P1 address output delay time 






150 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






200 


ns 


*d(<*-P2QF) 


Port P2 data output delay time 


30 




150 


ns 


*d(<*-R/W) 


R/W signal output delay time 






150 


ns 


td(<*-SYNC) 


SYNC signal output delay time 






150 


ns 











P0 
P1 
P2 
P3 
P4 
P6 




1 

tl 100pF 









Fig.19 Ports PO— P4 and port P6 test circuit 
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TIMING DIAGRAMS 




x 
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I- > 
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-* — *d u-poq) 






Port PO output 


' 














*SU (P0D-9i)— *- 

/ 










Port PO input 




r 


> 


V 




— - 


> 


- — td (<*-piq) 




* th ((4-POD) 




Port P1 output 


' 














tsU (P1D-0)— * 

/ 










Port P1 input 




' 


N 


v 




— *• 


U t(j (0-P2Q) 




-* — th ((«-pid) 




Port P2 output 


>1 


' 














*SU (P2D-0)-* 
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"> 
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-~ 
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/ 
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> 
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— *- 


> 
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/ 




*- 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3t output (SYNC) 



\ / 



X 



-t(j (<6-P0A) — *"■ 



>: 
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■* — t(j (<6-P2Q) 



>: 



*" — t(j(0-R/W) — *" 



>; 



>; 



- t(j (0-SYNC) — •" 



- t(j (tf-POAF) 



x>: 



- t(j («S-P0Q) 



tsu (POD-0) L- 



■ t(j U-P1AF) 



>x 



"* t(j (0-P1Q) 



tsu (P1D-0) yi 



- t(j (<6-P2QF) 



>X 



tsu (P2D-?*) 



" t(j (0— R/WF) ^ 



»: 



■* — td (<6-P3 Q) 



■* — td(^-SYNCF) — *■ 



x>: 



td (0~P3,Q) 



*— td (0-POQF) 



X 



X 



th (*-pod) 

< td U-P1QF) 



X 



X 



"*- r_ th (0-pid) 



X 



X 

X 



th U-P2D) 
— td (<*-P3 QF) 



>: 



■ td {*-P3,QF)' 
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M50747-XXXSP/FP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3, output (SYNC) 



\_ /' 



« t<j (0-POA) 



X 



X 



-t(j (*-P1A) 



x; 



Floating 



t(j (0-R/W) 



I— t d ( 

XZ 



X 



- t(j (<*-P2Q) 



tsU (P2D-0) — * 



A 



X 



X 



- td (<*~P2QF) 



x:::: 



- th (0-P2D) 



x 



X 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M 50747 H-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

In this section, the following explanations apply to the dif- 
ferences between the M50747-XXXSP and the M50747H- 
XXXSP. Other functions are explained in the M50747- 
XXXSP's section in detail. 



Type name 


Maximum value of clock generating frequency 


M50747-XXXSP 


8MHz 


M 50747 H-XXXSP 


12MHz 



The differences between the M50747H-XXXSP and the 
M50747H-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 



DISTINCTIVE FEATURES 



69 

8192 bytes 
•256 bytes 



• Number of basic instructions 

• Memory size ROM 

RAM ; •' 

• Instruction execution time 

0.66,us (minimum instructions at 12MHz frequency) 

• Single power supply f(X, N ) = 12MHz 5V±5% 

• Power dissipation 

normal operation mode (at 12MHz frequency) 45mW 

• Subroutine nesting •••• 128 levels (Max.) 

• Interrupt"-- 7 types, 5 vecters 

• 8-bit timer 3 (2 when used as serial I/O) 

• Programmable I/O (Ports P0, P1, P2, P3, P4) 40 

• Input ports (Port P5) ■■••"• •••• 8 

• Output ports (Port P6) •'••■•• 8 

• Serial I/O (Clock synchronized or UART) 1 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 


v cc El 




64]~P2 






P67-E 




63]^P2 1 






P6 6 ^[T 




U~P2 2 






P6 5 ^E 




6l]~P2 3 






P6 4 *~E 




60]**P24 


I/O port P2 


Output port P6 


P6 3 — E 




H— P2 5 












P6 2 -[7 




1]~P2 6 






P6,— H 




5?l— P2 7 






P6 *-|I 




H«-P0 o 






P4 7 **[]0 




H-m-PO, 






P4 6 — E 




54]^P0 2 






P4 5 -[l2 
P4 4 ~[l3 




53j-~P0 3 


I/O port PO 






U«~P0 4 




I/O port P4 


P4 3 **[T4 


^ 

s 


ID^POs 






P4 2 — H 




-v] 

I 
1 

X 
X 


50]~P0 6 






p^-wQl 


H**P0 7 






P4o-[n 


48]^P1 






P3 7 /S RDY — Dl 


47]**P1i 






P3 6 /CLK~|l9 


X 

(J) 


46|**P1 2 






P3 5 /T X D~ [20 


"0 


H~P1 3 




I/O port 


P3 4 /RxD^[Ii 




43**P1 4 


I/O port P1 


P3 


P3 3 /CNTR~-[I 

P3 2 /INT^ ** |23 

P3t *♦ |4 

P3o — m 




1^P1 5 

iH**pi 6 

dl]~Pl7 

40]*-P5o 




Interrupt input INT-i —*■ [26 




D — p5t 




CNVss HZ 




U — P5 2 




Reset input RESET -► [28 




U— P5 3 




Clock Input X, N -* |29 




U— P5 4 


Input port P5 


Clock output Xqut * ,— H2 




1^P5 5 




Timing output 4> -— H? 




ll]^P56 




Vss 1 




33]«-P5 7 







utline 64P 


4B 




(NCNjUOOOOOOOOT-T-T-T-T-T-T-T-Um 


Q. 0. Z D. 0. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Z Q. 




n nnniintftm i 






f5^[56||55||54||^|52|f5?lf50||49||^[^|46|[4^ 




P2 5 ^[M 




H^-ps, 


P2 4 ^[l9 




1 *r P5 2 


P2 3 «~[l 


O 


3TJ*-P5 3 


P2 2 «-[61 


H]— P5 4 


P2,**[I 




1*-P5 6 


P2o^[63 




H— P5 6 


NC [64 




l£]^P5 7 


V ss H 


M50747H-XXXFP 


H V ss 


NC H 




U— 


Vcc HZ 




ID -* Xqut 


P6 7 ««-[68 




U^x IN 


P6 6 ^-[69 




U'*- RESET' 


P6 5 ^[Z£ 


O O 


1] CNVss 


P6 4 ^[zi 




H NC 


P6 3 ^[Z2 




22] NC 




Il||2||3||4||5||6||7||8||9||l0||ll|n2||13||l4|!l5||l6||l7||l8||l9||20||21 






liinituummiM 




DLCLQ.Q.Q.£1.Q.CLD.Q. Q. c tJ H cr z Z &- &• Z Z 


Q. Q. "^ 0- co 0. 


Dl 


Outline 72P6 NC : No connection 
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M50747H-XXXSP BLOCK DIAGRAM 



Clock input Clock output Timing output 

(29) (30) (3l) 



Interrupt input 

IntT 

-<26>- 



Reset input 




Clock generating circuit 



Processor 

status 

register 

PS (8) 



^^ 



Program 
counter 

PC H (8) 



Program 
counter 

PC L (8) 



^ZL 



Stack 
pointer 

S(8) 



8-bit 
arithmetic 

and 
logical unit 



Accumulator 

A (8) 



:<">: 



i 



RAM 
256 bytes 



<~> 



TV 



Index 




Index 


register 




register 


X(8) 




Y(8) 



TV 



I 



ROM 
8192 bytes 



^_ 



Prescaler 
PRE12(8) 



JL 



Timer 1 

T1(8) 



\a 



Timer 2 

T2(8) 



r~\> , , \ ks 



Prescaler 
PREX(8) 
1 



Instruction 
register (8) 



n 



Instruction 
decoder 



Timer X 

TX(8) 



Control signal 



Output port P6 



Input port P5 



I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 




t/> 



o 






r 






m 






o 






x 






■o 






00 

I 

2 


U1 




H 


■ • o 


c 


o 


^ 


UJ 


5 

o 




CO 

I 




X 


2 


3 






o 


X 


o 

9 


50 

O 


X 


o 
o 


o 


X 


o 


o 
S 


t/> 


s 


Tl 


TJ 


C 


C 


\ 


H 


H 

m 


Tl 


m 


» 


a 
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MITSUBISHI MICROCOMPUTERS 

M50747H-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50747H-XXXSP 




Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


0. 66^s (minimum instructions, at 12MHz of frequency) 


Clock frequency 


12MHz 


Memory size 


ROM 


81 92bytes 


RAM 


256bytes 


Input/output port 


INT> 


Input 


1-bitX1 


PO, P1 , P2, P3, P4 


I/O 


8-bitX5 (Part of P3 are in common with Input/output of serial I/O, 
timer I/O and INT2 interrupt input) 


P5 


Input 


8-bitX1 


P6 


Output 


8-bitX1 


Serial I/O 


8-bit or 9-bitX1 


Timers 


8-bit prescalerX2+8-bit timerX3 (8-bit timerX2 when serial I/O is used) 


Subroutine nesting 


128levels(max.) 


Interrupts 


Two external interrupts (1 of external interrupt is in common with port P3 2 ) 
Three timer interrupts (or timerX2, serial I/OX1 ) 


Clock generating circuit 


Built-in (Ceramic or Quartz crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


at high-speed operation 


45mW (at 12MHz frenquency) 


Input/output characteristics 


Input/output voltage 


5V 


Output current 


10mA (Ports P3, P4, P6) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


M50747H-XXXSP 


64-pin shrink plastic molded DIP 


M50747H-XXXFP 


72-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


v cc 

Vss 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V S s- 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2^s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X ut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the Xout pin should be left open. 


X UT 


Clock output 


Output 





Timing output 


Output 


This is the timing output pin. 


TntT 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 


P1 ~P17 


I/O port P1 


I/O . 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 6 , 
P35, and P3 4 work as CLK, T X D pins, respectively. 

When clock synchronous serial I/O is used, P3 7 works as S RD y- Also P3 3 and P3 2 work as CNTR pin and the 
lowest order interrupt input pin (INT 2 ) , respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 


P6 ~P6 7 


Output port P6 


Output 


Port P6 is an 8-bit output port. The output structure is CMOS output. 



MITSUBISHI 
.ELECTRIC 



2-167 



MITSUBISHI MICROCOMPUTERS 

M50747H-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



ABSOLUTE MAXIMUM RATINGS 








Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V ss . 
Output transistors cut-off 


-0.3—7 


V 


v, 


Input voltage, RESET, X, N , INT,, P5 ~P5 7 


-0. 3—7 


V 


V, 


Input voltage, P0 o ~P0 7 , Plo—Pl/. P2 ~P2 7 , P3 ~P3 7) 
P4 ~P4 7l 


-0. 3— Vcc+0. 3 


V 


v, 


Input voltage, CNVss 


-0.3—13 


V 


Vo 


Output voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7> P3 ~P3 7 , 
P4 ~P4 7 , P6 ~P6 7 , Xout, <t> 


-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note1 ) 


mW 


T opr 


Operating temperature 


\ 


— 10—70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (Vcc = 5V±5%, T a = -10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


Vss 


Supply voltage 









V 


V, H 


"H" input voltage, P0 ~P0 7 , P1 — P1 7 , P2 ~P2 7l 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7> 


0. 8V CC 




Vcc 


V 


INTl RESET, X| N> CNVss 


v IL 


"L" input voltage, P0 o ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3o~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 
TntT, CNVss 







0. 2V CC 


V 


v, L 


"L" input voltage, RESET 







0.1 2 V cc 


V 


Vil 


"L" input voltage, X| N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current, P0 ~P0 7 , P1 — Pt7, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current, P0 ~P0 7 , P1 — P1 7, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7l P6 ~P6 7 
(Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current, P0 ~P0 7 , P1 — PI7, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 






-10 


mA 


'oH(avg) 


"H" average output current, P0 ~P0 7 , P1 ~P17. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 P6 ~P6 7 , 
(Note 2) 






-5 


mA 


f(x lw ) 


Internal clock oscillating frequency 






12 


MHz 



Note 2 
3 



The average output current louavg) and l H(avg) are the average value of a period of 100ms 

Total of loL(peak). of P ort s P0, P1 , and P2 is 20mA 

Total of loH(peak). of ports PO, PI, and P2 is 20mA 

Total of liL(peak). of P° rts p 3. P4. and P6 is 80mA 

Total of loH(peak). of P ort s P3 and P4 is 20mA 

Let the total of l H(peak). of P°rts P6 below 60mA 
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ELECTRICAL CHARACTERISTICS (v c = sv. v ss = ov, T a = 25c 


, f( X|N ) = 12MHz, unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage, P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 . P6 ~P6 7 


Ioh = —10mA 


3 






V 


Voh 


"H" output voltage, <f>, 


l 0H = -2.5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7 , P1 ~P1 7l P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 


l 0L = 10mA 






2 


V 


Vol 


"L" output voltage, 


Iol = 5mA 






2 


V 


V T +-V T - 


Hysteresis, P3 6 


When used as CLK input 


0.3 




1 


V 


Vt+-V t - 


Hysteresis, INt7 




0.3 




1 


V 


V T +-V T - 


Hysteresis, P32 


When used as INT 2 pin 


0.3 




1 


V 


V T +-V T - 


Hysteresis, P3 3 


When used as CNTR input 


0.3 




1 


V 


V t +-Vt- 


Hysteresis, RESET 






0.5 


0.7 


V 


Vt+-V t - 


Hysteresis, X| N 




0.1 




0..5 


V 


Iil 


"L" input current, P0 ~P0 7 , P1 ~Pl7. P2 ~P2 7> 
P3 ~P3 7 , P4 ~P4 7> P5 ~P5 7 , 


V, = 0V 






-5 


m a 


P6 ~P6 7 , INT 1( RESET, X, N 


Iih 


"H" input current, P0 o ~P0 7 , P1 ~P17. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7> 


V, = 5V 






5 


/"A 


P6 ~P6 7 , INT,, RESET, X, N 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


Ice 


Supply current 


Output terminals 
are opened, 
others to Vss 


f (X|N ) = 12MHz 
Square wave 




9 


18 


mA 


At stop mode 
T a = 25°C 






1 


M A 


At stop mode 
T a = 70°C 






10 


M A 
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TIMING REQUIREMENTS 

Single-chip mode (v cc = 5v±5%, v ss = ov, T a = 25c t 



(x, N ) : 



: 12MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tSLI (POD-<a) 


Port PO input setup time 


100 






ns 


*SU (P1D-0) 


Port P1 input setup time 


100 






ns 


tsU (P2D-<*) 


Port P2 input setup time 


100 






ns 


*SU (P3D-?5) 


Port P3 input setup time 


100 






ns 


tsil (P4D-<4) 


Port P4 input setup time 


100 






ns 


tsU (P5D-0) 


Port P5 input setup time 


100 






ns 


th (<*-POD) 


Port PO input hold time 


20 






ns 


th (<6-P1D) 


Port P1 input hold time 


20 






ns 


th (0-P2D) 


Port P2 input hold time 


20' 






ns 


th (^-P3D) 


Port P3 input hold time 


20 






ns 


tfl (0-P4D) 


Port P4 input hold time 


20 






ns 


th U-P5D) 


Port P5 input hold time 


20 






ns 


t c 


External clock input cycle time 


83 






ns 


t W 


External clock input pulse width 


41 






ns 


tr 


External clock rising edge time 






20 


ns 


tf 


External clock falling edge time 






20 


ns 



Eva-chip mode and microprocessor mode 



(V C c = 5V±5%, V ss = 0V, T a = 25°C, f (X|N ) = 12MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (POD-!*) 


Port PO input setup time 


100 






ns 


tsU (P1D-?4) 


Port PI input setup time 


100 






ns 


tsU (P2D-<6) 


Port P2 input setup time 


75 






ns 


th U-POD) 


Port PO input hold time 


20 






ns 


th U-P1D) 


Port PI input hold time 


20 






ns 


th (<*-P2D) 


Port P2 input hold time 


20 






ns 



Memory expanding mode and microprocessor mode 



(V CC = 5V±5%, V ss = 0V, T a =25°C, f (X|N ) = 12MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-0) 


Port P2 input setup time 


75 






ns 


th (0-P2D) 


Port P2 input hold time 


20 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V C c = 5V±5%, V ss = 0V, T a =25°C, f( X|N ) = 12MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0-poa) 


Port PO data output delay time 


Fig. 1 






150 


ns 


td(<6-pia) 


Port P1 data output delay time 






150 


ns 


td(<6-P2Q) 


Port P2 data output delay time 






150 


ns 


td(0-P3Q) 


Port P3 data output delay time 






150 


ns 


td(<6-P4Q) 


Port P4 data output delay time 






150 


ns 


td(0-P6Q) 


Port P6 data output delay time 






150 


ns 



Eva-chip 


mode (V CC = 5V±5%, V ss = 0V, T a = 25 C, f (X|N ) = 12MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*-POA) 


Port PO address output delay time 


Fig. 1 






140 


ns 


td(?*-POAF) 


Port PO address output delay time 






140 


ns 


td(<6-POQ) 


Port PO data output delay time 






150 


ns 


td(<»-POQF) 


Port PO data output delay time 






140 


ns 


td(<*-piA) 


Port P1 address output delay time . 






140 


ns 


td(«>-P1AF) 


Port P1 address output delay time 






140 


ns 


td((*-piQ) 


Port PI data output delay time 






150 


ns 


td(<6-P1QF) 


Port P1 data output delay time 






140 


ns 


td(0-P2Q) 


Port P2 data output delay time 






150 


ns 


t d(<*-P2QF) 


Port P2 data output delay time 






140 


ns 


td(0-R/W) 


R/W signal output delay time 






140 


ns 


td(tf-R/WF) 


R/W signal output delay time 






140 


ns 


td(<*-P3 Q) 


Port P3 data output delay time 






150 


ns 


td(5*-P3 QF) 


Port P3 data output delay time 






140 


ns 


*d(^SYNC) 


SYNC signal output delay time 






140 


ns 


*d(<*-SYNCF) 


SYNC signal output delay time 






140 


ns 


td(*-P3,Q) 


Port P3t data output delay time 






150 


ns 


tdCvft-pa^F) 


Port P3i data output delay time 






140 


ns 



Memory expanding mode and microprocessor mode 



(V CC = 5V±5%, V ss = 0V, T a = 25°C, f (: 



x )N ) 



= 12MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*-POA) 


Port PO address output delay time 


Fig. 1 






140 


ns 


td(<*-P1A) 


Port P1 address output delay time 






140 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






. 155 


ns 


td(<6-P20F) 


Port P2 data output delay time 


40 




140 


ns 


td(«>-R/w) 


R/W signal output delay time 






140 


ns 


td(<*-SYNC) 


SYNC signal output delay time 






140 


ns 




Fig.1 Ports P0~P4 and port P6 test circuit 
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TIMING DIAGRAMS 




/ 


f 




In single-chip mode <t> y 


> 


* t(j ((4-POQ) 


\ 




Port PO output 


' 














*SU (POD-<*)— *- 

/ 








Port PO input 




r 


s 


V 


— *■ 


> 


- t(j (0-P1Q) 




■* th (<*-POD) 


Port P1 output 


r 














tsU (P1D-?*)— > 

/ 




■«— 




Port P1 input 






N 


V 


— ^ 


> 


■* t(j (0-P2Q) 




-« th (<4-P1D) 


Port P2 output 


' 














^U (P2D-(*)— - 

/ 








Port P2 input 




r 


■\ 


\ 


— 


> 


* t(j U-P3Q) 




-* ^ (0-P2D) 


Port P3 output 


' 














tsU (P3D- <«)-*■ 

/ 








Port P3 input 




' 


N 


\ 


— - 


> 


-. t(j ((4-P4Q) 




"* th (*-P3D) 


Port P4 output 


/ 














tsU (P4D-<J»— » 

/ 




<— 




Port P4 input 




/ 


N 


\ 


' 




tsU (P5D-0)— »- 

/ 


-*— th (0-P4D) 


Port P5 input 


' 


> 


v 


-^ 


> 


* td (0-P6Q) 




■*— th (0-P5D) 


Port P6 output 


' 










t 


C 






t w 


v ■ . 












/ 




f Cx IN ) 


-t r 


N 




— 


^-tf 
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|ln eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3 n output (SYNC) 



\ / 



< t(j (0-PQA) 



X 



x 



■ t(j (0-P1A) 



>; 



- t(j (<6-P2Q) — *" 



** — td u-r/w) — *" 



>: 



"* — t(j (0— SYNC) — "" 



>: 



- td (0-POAF) 



xx 



-% td (0-POQ) 



tsU (POD-tf) u. 



- td ((*-P1AF) 



>X 



** td (0-P1Q) 

tsU (P1D-0) 



.•r 



- td (0-P2QF) 



>X 



tsU (P2D-*) 



X 



" td (0-R/WF) *"" 



XX 



td (0-P3 o Q) 



"* — td («*— SYNCF) — *- 



»: 



"* — td (0-P3,Q) 



*— td ((4-POQF) 



X 



** — th (0-pod) 

' td (0-P1QF) 



X 

X 



th U-P1D) 



X 



x 



"* th (0-P2D) 



■*— td (0-P3 o QF) 



X 



td (*-P3,QF) 

xzz 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3! output (SYNC) 



\ / 



X 



_t(J (<6-P0A) 



* t(j (0-P1A) 



X 



X.~.";?H"LX 



*— t(J (*-R/W) 



X 



* t<j (0-SYNC) 



X 



-t<j (<*-P2Q) 



tsU (P2D-?5) - 



yf 



X 



X 



- *d (?4-P2QF) 






* — tp (<6-P2D) 



x 



X 
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DESCRIPTION 

The M50752-XXXSP, M50757-XXXSP and the M50758- 
XXXSP are single-chip microcomputers designed with 
CMOS silicon gate technology. These are housed in a 52- 
pin shrink plastic molded DIP. 

These single-chip microcomputers are useful for business 
equipment and other consumer applications. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences among M50752-XXXSP, M50757-XXXSP 
and M50758-XXXSP are noted below. The difference be- 
tween M50757-XXXSP and M50758-XXXSP is the clock 
oscillating circuit only. 



Type name 


ROM size 


RAM size 


51 pin name 


M50752-XXXSP 


4096bytes 


128bytes 


Vcc 


M50757-XXXSP 


3072bytes 


96bytes 


NC 


M50758-XXXSP 


3072bytes 


96bytes 


NC 



DISTINCTIVE FEATURES 



69 



• Number of basic instructions 

• Memory size 

ROM 3072 bytes (M50757-XXXSP.M50758-XXXSP) 

4096 bytes ( M50752-XXXSP) 

RAM 96 bytes (M50757-XXXSP.M50758-XXXSP) 

1 28 bytes ( M50752-XXXSP) 

• Instruction execution time 

2/is (minimum instructions at 4MHz frequency) 

e Single power supply f(X, N )=4MHz 5V±10% 

• Power dissipation 

normal operation mode, at 4MHz frequency 15mW 

• Subroutine nesting 48 levels (Max.) 

o Interrupt 6 types, 5 vecters 

• 8-bit timer 3 

• Programmable I/O ports (Ports P0, P2 ~P2 5 ) 14 

• Input port (Port R) 4 

• High-voltage output ports (Ports P1, P3, P2 6 , P2 7 ) 18 



PIN CONFIGURATION 


(TOP VIEW) 




P2 7 - U 




~^r~ 




U Vcc 




P2 6 -E 








5?] NC(Notel) 




P2 5 -U 








U-*P3 




I/O port P2 


P2 4 -U 
P2 3 -[I 
P2 2 *>H 
P2 1 ~[7 
P2 -E 








49] — P3, 

48]->P3 2 
47j->P3 3 
H-t P3 4 

H->P3 5 


Output port P3 


NC H 








44]-+P3 6 






P0 7 ^[To 








U— P3 7 






po 6 ~[TT 


CJI 






l-P1o 






po 5 ^[il 


o 


o 


o 


Hi-pi, 




I/O port P0 


po 3 ^EI 


ooo ^JO 

i -» i -i 
X X 


ro 
X 


l2l-pi 2 

U— pi 3 






POz-^OI 


X 
X 


X 
X 


X 
X 


U-* pi 4 


Output port P1 


Interrupt input 


Pd^Iil 
P0n^n7 


"O 


CO 


C/) 
"0 


H-P15 
U— pi 6 




Timer output '. Ji: 

and intrrupt input INT? •*-*■ DI 








I-PV 












Interrupt input INT, — » F? 








—1 Pull-down 
2U *~ v p voltage input 


NC H 








33]— »• $ Timing output 


CNVss HI 








H—Rol 




Reset input RESET -> [22 








Hl—Ri 


Input port R 


Clock input X| N — ► [23 








30] ^R 2 




„, , IXoUTF— H 








m*-R 3 | 




Clock output p: 
I Xouts •* — [25 








orI _* v Cl0ck output 
£°1^> acout for timer X 


V ss H 








Izl *~ XriM Clock inpUt 


Outline 52P4B 






NC : No connection 


Note 1 '. Pin number 51 is V C c 


for M50752-XXXSP 



APPLICATION 

VCR, Tuner, Audio-visual equipment 
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M50752-XXXSP BLOCK DIAGRAM 



Interrupt 
input 



INT 



Reset Clock Clock Clock Timing 

input input output output output 

X|N Xqutf XquTS 



(5V) (NoteD (OV) 
Vcc V cc V ss 



(OV) 



P? 

HC 
SOD 

o55 




Control signal 



Clock 
[~~ generating circuit _ 

-4 ) @— 



Input port R Output port P3 



I/O port P2 



Output port P1 



I/O port PO 



Pull-down 
voltage 

mpUt Note 1 : NC for M50757-XXXSP and M50758-XXXSP. 

2 : 96 bytes for M50757-XXXSP and M50758-XXXSP. 

3 : 3072 bytes for M50757-XXXSP and M50758-XXXSP. 



INT 2 
Timer output 

and 
interrupt input 



Clock input Clock output 
for timer X for timer X 



en 

z 
o 

r 

m 
■ 

o 

X 

■ 

DO 



O 

3 

o 



o 

50 
o 
o 

o 

■o 

c 

H 

m 
30 



o 

oi 

oo 

X 
X 
X 

0) 
•v 



2 

01 

o . 
^J 

01 
10 

I 

X 

x I 

0) w 

y s 
s i 

I 

01 § 
■ o 

X § 

x 2 
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FUNCTIONS OF 


M50752-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 ' ' " . 


Instruction execution time 


2/iS (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


4096bytes (3072bytes for M50757-XXXSP and M50758-XXXSP) 


RAM 


128bytes (96bytes for M50757-XXXSP and M50758-XXXSP) 


Input/Output ports 


R 


Input 


4-bitX1 


IntT 


Input 


1-bitXl 


P1, P3, P2 6> P2 7 


Output 


8-bitX2+2bit 


INT2 


I/O 


1-bitXl 


PO, P2 ~P2 5 


I/O 


8-bitX1+6-bit 


Timers 


8-bit prescalerX2+8-bit timerX3 


Subroutine nesting 


64 levels (max)(48levels for M50757-XXXSP and M50758-XXXSP) 


Interrupts 


Two external interrupts, Three internal timer interrupts 


Clock generating circuit 


for system clock 


Built-in (RC oscillation, ceramic oscillator for M50758-XXXSP) 


for timer X 


Built-in (quartz crystal oscillator) 


Supply voltage 


at normal operating 


5V±10% 


Power dissipation 


at high-speed operation 


15mW (at 4MHz frequency) 


at low-speed operation 


4mW (at 20kH frequency) 


Input/Output characteristics 


Input/Output voltage 


V CC -33V (Ports P1, P3, P2 6 ~P2 7 ) 


Output current 


10mA (Ports PO, P2 ~P2 5 ), -12mA (Ports P1, P3, P2 6 ~P2 7 ) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


52-pin shrink plastic molded DIP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V S s- 


CNVss 


CNVss 




This is usually connected to V S s- 


V P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports P1, P3, P2 6 and P2 7 . 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2,us (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|M 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, a resistor is connected 
between the X| N and X uts or the Xoutf pins. If an external clock is used, the clock source should be con- 
nected to the Xin pin and the X uts and X utf pins should be left open. 


XoUTS 


Clock output 


Output 


This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a resistor between this pin and X| N pin. 


XoUTF 


Clock output 


Output 


This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a resistor between this pin and X| N pin. 


<t> 


Timing output 


Output 


This is the timing output pin. 


XciN 


Clock I/O for timer X 


Input 


These are I/O pins of the clock oscillating circuit for the timer X. To control generating frequency, an exter- 
nal ceramic or a quartz crystal oscillator is connected between the X C iNPin and X C out pin. 


XcOUT 


Output 


TntT 


Interrupt input 


Input 


This is the lowest order interrupt input pin. 


TNT2 


Time output or 
interrupt input 


I/O 


This is in common with an output for the time X and an interrupt input pin. 


Ro~R3 


Input port R 


Input 


Port R is a 4-bit input port. 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P1o~P1 7 


Output port P1 


Output 


Port P1 is an 8-bit output port. 

The output structure is P-channel open drain. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. For P2 6 and P2 7 pins, output 
structure is P-channel open drain, and a pull-down transistor is built in between the V P pin. 


P3 ~P3 7 


Output port P3 


Output 


Port P3 is an 8-bit output port and has basically the same functions as port P1. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50752-XXXSP is shown in Figure 
1. Addresses 1000 16 to 1FFF 16 are assigned to the built-in 
ROM area which consists of 4096 bytes. 
Addresses 1400-| 6 to 1FFF 16 are the ROM address area 
assigned to the M50757-XXXSP and M50758-XXXSP. 
Addresses 1F00 16 to 1FFF 16 are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses 1FF4 16 to 
1FFF 16 are vector addresses used for the reset and inter- 



rupts (see interrupt chapter) . Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 007F 16 are assigned to the built-in 
RAM. and consist of 128 bytes of static RAM. Address 
0000 16 to 005F 16 , an area of 96 bytes, assigned to M50757- 
XXXSP and M50758-XXXSP. In addition to data storage, this 
RAM is used for the stack during subroutine calls and inter- 
rupts. 

















Decimal 




7 43 BIT 




00DF 16 
/ 00E0 16 

/ 00E1 16 

/ 

0OE2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 

00E8 16 

00E9 16 

00EA 16 

00EB 16 

00EC 16 

00ED 16 

00EE 16 

00EF 16 

00F0 16 

O0F1 16 

00F2 16 

00F3 16 

00F4 16 

00F5 16 

00F6 16 

00F7 16 

N 00F8 16 

v O0F9 16 

\ 00FA 16 

\ 00FB 16 

\ 00FC 16 

\ 00FD 16 

\ 00FE 16 
\ 
\ 00FF 16 


| Port R 




Zero 

page' 


RAM (128 bytes) 

for 
M50752-XXXSP 


RAM (96 bytes) 
for ^ 
M50757-XXXSP 
and 


' UUUU^ 

> nrmp._ 




u 

/ 

/ 

95 / 
127 / 
/ 
/ 
/ 
/ 

255 

\ 
\ 
\ 
\ 
\ 
\ 

\ 

\ 
\ 

\ 

\ 

. \ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

intT 

Timer 2 

Timer 1 

Timer X 

INT^ 


PortPO 


Port PO directional 
rori ru register 


Port P1 




I 007F 16 




Port P2 


Not used 


00DF 16 
nnpp.. 


Dnrt DO directional 
fori V£ register 








Port P3 


1000 16 


Not used 














ROM 

(4096 bytes) , 

for 

M50752-XXXSP 


iAnn._ 




ROM 

(3072 bytes) 

for 

M50757-XXXSP 

and 
M50758-XXXSP 


. 1 tznn 














Special 

page for 

subroutine < 

call 


1FF4 16 
' 1FFF 16 














Timer 1,2 prescaler 


Address L 
Address H 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer X Prescaler 


Address L 
Address H 


Timer X 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 


8191 RESET 

























Flg.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, input/out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



15 



7 







A 


7 







X 


7 







Y 


7 







S 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



PC H 



7 

PC L Program counter 



Processor status register 



- Carry flag 

- Zero flag 

- Interrupt disable flag 
■ Decimal mode flag 

- Break flag 

- Index X mode flag 

- Overflow flag 

- Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The contents of the stack pointer is XX 16 , the stack address 
is set to 00XX 16 . When using this microcomputer in the 
single-chip mode, the stack pointer should be set at the 
bottom address of the internal RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 



Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


1FFF 16 , 1FFE 16 


INT 2 


2 


1FFD 16 , 1FFC 16 , 


Timer X 


3 


1FFB 16l 1FFA 16 


Timer 1 


4 


1FF9 16 , 1FF8 16 


Timer 2 


5 


1FF7 16 , 1FF6 16 


TntT(brk) 


6 


1FF5 16> 1FF4 16 



INTERRUPT 

The M50752-XXXSP can be interrupted from seven souces; 
INT 2 , timer X, timer 1 , timer 2 or INT^/BRK instruction. 
These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag is set to 
"1". All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 
the interrupt request bit are both "1" and the interrupt dis- 
able flag is "0". 

The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the INTJ or INT^ pins go from "H" to "L" 

(2) When the contents of timer X, timer 1 , timer 2 go to "0" 
These request bits can be reset by the program but can not 
be set by the progream. However, the interrupt enable bit 
can be set and reset by the program. 

Since the BRK instruction and the IN^ interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INTt generated the interrupt. 



k£J 



rO 



rO 



O 



r<f , 



Interrupt 
request 




Interrupt disable flag I 



7 

I I Ml I I 



Interrupt control register (Address 00FE 16 ) 
Bit 7 '. INT-, pin interrupt request bit 
Bit 6 .' INT-i pin interrupt enable bit 
Bit 5 .' Timer 1 interrupt request bit 
Bit 4 : Timer 1 interrupt enable bit 
Bit 3 '. Timer 2 interrupt request bit 
Bit 2 : Timer 2 interrupt enable bit 
Bit 1 ! INT, pin interrupt request bit 
Bit *. INTt pin interrupt enable bit 



Timer control register (Address OOFF^) 
Bit 7 : Timer X interrupt request bit 
Bit 6 '. Timer X interrupt enable bit 
Bit 5 '. Timer X count stop bit 
Bit 4 *. Not used 



1 — Reset 



Bit 3 : 
Bit 2 : 
Bit 1 : 
BitO : 



Timer X mode bit 



Processor mode bit 



Fig.3 Interrupt control 
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TIMER 

The M50752-XXXSP has three timers; timer X, timer 1, and 
timer 2. Timer X has four modes which can be selected by 
bit 2 and 3 of the timer control register. When the timer X 
count stop bit (bit 5) is set to "1", the timer X will stop re- 
gardless of which mode it is in. A block diagram of timer X, 
timer 1 and timer 2 is shown in Figure 4. 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+2), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16) respectively (see Interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero. 

The four modes of timer X as follows: 
(1) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 



the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the INT 2 signal is reversed 
each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the X C in pin. 
This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock sourse. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the X clN pin. The timer, driven by the oscillator 
frequency divided by 16, continues counting during the 
low cycle of the X C , N pin. When the timer contents 
reaches "0", the interrupt request bit is set to "1", the 
timer's reload latch is reloaded and the counting re- 
sumes. 

The structure of the timer control register is shown in 
Figure 5. 

When after reset, the prescaler and timer latch are set 
to FF 16 and 01 16 , respectively. 



Data bus 



Oscillator Divider 




I Timer mode 

I — — O 

Pulse width measurment 

mode 

O 



Event counter mode 
O 



Prescaler latch (8) 




Pulse output mode 



<£. 



Timer X latch (8) 



Prescaler (8) 



^L 



Timer X (8) 
01 '°I Reset 



^ to timer X interrupt 

request bit 



-Timer X count stop bit 
(Bit 5 of address OOFFie) 



Toggle flip-flop 



Data bus 



sz. 



Prescaler latch (8) 



2*L 



Timer 1 lalch (8) 



Prescaler (8) 



2*2. 



Timer 2 latch (8) 



Timer 1 (8) 



to timer J 
„ interrupt 
request 
bit 



Timer 2 



(8) [~H» 



to timer 2 or serial I/O 
interrupt request bit 



Fig. 4 Block diagram of timer X, timer 1, timer 2 
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"I Timer control register (Address 00FF 16 ) 



Processor mode bit 

00 : Single chip mode 

01 \ Memory expanding mode 

10 : Microprocessor mode 

1 1 *. Eva chip mode 



Timer X mode bit 

00 '. Timer mode 

01 '. Pulse output mode 

10 : Event counter mode 

11 : Pulse width measurement mode 
Timer X count stop bit 

: Count start 

1 : Count stop 

Timer X interrupt enable bit 

: Interrupt disable 

1 '. Interrupt enable 

Timer X interrupt request 

'■ No interrupt request bit 

1 : With interrupt request 



Fig. 5 Structure of timer control register 



f(x, N 



RESET 



SYNC 



Address 



Data 




8~12 clock cycles 

depend on the internal condition 

of microcomputer 



Reset address from 
the vector table 



Note 1 : Frequency relation of f(X iN ) and it is 
f(X, N )=4-0 
2 : The mark "?" means that the address 
is changeable depending on the pre- 
vious state. 



Fig. 6 Timing diagram at reset 
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RESET CIRCUIT 

The M50752-XXXSP is reset according to the sequence 
shown in Figure 6. It starts the program from the address 
formed by using the content of address 1FFF 16 as the high 
order address and the content of the address 1 FFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/^s while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 7. 
An example of the reset circuit is shown in Figure 8. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X, n -X ut becomes stable. 



Address 

(1) Port PO directional register ( E 1 16 ) ■ 

(2) Port P1 ( E 2 16 ) ■ 

(3) Port P2 directional register ( E 5 16 ) ■ 



16 



16 



oo 16 



(4) Port P3 

(5) Prescaler X 

(6) Timer X 

(7) Interrupt control register 

(8) Timer control register 



(9) Interrupt disable flag 

on the processor status register 



( E8. 16 )• 

( FC 16 )• 

( FD 16 )• 

( FE 16 )• 

( FF 16 )• 

( PS )• 



oo 16 



FF 16 



I 16 



oo 16 



16 



(10) Program counter 

(11) Internal oscillator output is 
connected to Xoutf (same 
condition after FST 
instruction is excuted) 



( PC H 
( PC L 



Contents of 
address FFFF16 



Contents of 
address FFFE16 



Fig. 7 Internal state of microcomputer at reset 



M50752-XXXSP 



RESET 



59 



0V- 



I 



ov ■ 



M50752-XXXSP 



RESET 




Supply voltage 
detection circuit 



Fig. 8 Example of reset circuit 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) Port P1 

Port P1 is an 8-bit output port with high-breakdown vol- 
tage p-channel open-drain outputs featuring a break- 
down voltage of V C c-33V. Each pin contains a pull- 
down resistor making V P a negative power source. As 
shown in the memory map in Figure 1, port PO is used 
on the zero page at address 00E2 16 in memory. 
Except in the single-chip mode, P1's functions are 
slightly different from PO's. For more details, see the 
processor mode information. 

(3) Port P2 

In the single chip mode, port P2 6 , P2 7 has the same 
function as P1. And P2 ~P2 5 has the same function as 
PO. In the other modes, P2's functions are slightly diffe- 
rent from PO's. 
For more details, see the processor mode information. 

(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO. This function does not change even though the 
processor mode changes. See Figure 9 for more de- 
tails. 

(5) Port R 

Port R is an 4-bit input port. As shown in the memory 
map (Figure 1), port R can be accessed at the lower 
order 4 bits of zero page memory address 00DF 16 . 

(6) Clock <t> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as <f>. 



(7) INT, pin 

The INTt pin is an interrupt input pin. The INTt inter- 
rupt request bit (bit 1 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(8) WT 2 pin 

The INT 2 pin is an interrupt input pin. When this signal 
level changes from "H" to "L", the interrupt request bit 
(bit 7 at address 00FE 16 ) is set to "1". In the pulse out- 
put mode, the INT 2 output changes polarity each time 
the contents of timer X goes to "0". 
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Ports PO, P2 ~P2 5 



'<- 



Ports P1. P3, P2 6l P2 7 



Directional 
register 



Port latch 



-£>n 



N-channel open drain output 



V 



3> 



1 



<- 



Ports PO. P2 ~P2 5 



P-channel open drain high voltage port 
with pull-down resistors 



Data bus- 



H>nT 



<h 



Ports P1, P3, P2 6 , P2 7 




-<t- 



1 






CMOS output 



Fig.9 Block diagram of port P0~P3 (single-chip mode) and output formats of INT 2 , <t> 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, micro- 
processor mode and eva-chip mode, ports P0~P2 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 11 shows the functions of ports P0~P2. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 10. 
By connecting CNV SS to V ss , all four modes can be 
selected through software by changing the processor mode 
bits. 

Supplying "H" level to CNV SS places the microcomputer in 
the eva-chip mode. The four different modes are explained 
as follows: 



(1) 



(2) 



Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0~P2 will work as original I/O 
ports. 

Memory expanding mode (01) 

The microcomputer will be placed in the memory ex- 
pansion mode when CNV S s is connected to V S s and 



1FFF 16 












(Notel) 

1400 16 
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(3) 



(4) 



the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address data for port P0 is output 
when goes to "H" state. When goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 5 bits of address data are output when 
4> goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. 
Pins P1 6 and P1 5 output the SYNC and R/W control 
signals, respectively while <t> is in the "H" state. When 
in the "L" state, P1 5 , P1 6 and P1 7 retain their original I/ 
O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
Port P2 retains its original output functions while <f> is at 
the "H" state, and works as a data bus of D 7 ~ D 
(including instruction code) while at the "L" state. 
Microprocessor mode [10] 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P1 5 and P1 6 become the SYNC and R/W 
pins, respectively and the normal I/O functions are lost. 
Port P2 becomes the databus (D 7 ~D ) and loses its 
normal I/O functions. Insternal memory (E1 16 to E0 16 ) 
cannot be used, and an external memory is needed if 
the address where normal I/O function have lost. 
Eva-chip mode [11] 

When "H" level is supplied to CNV SS pin, the micro- 
computer is forced into the eva-chip mode. The main 
purpose of this mode is to evaluate ROM programs 
prior to masking them into the microcomputer's internal 
ROM. 

With the exceptions that the internal ROM is disabled 
and that external memory must be attached in this 
mode is the same as the memory expanding mode. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 



Fig. 10 External memory area in processor mode 
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CMt 



CM C 



Port 



Single-chip mode 



Memory expanding mode 



Eva-chip mode 



Microprocessor mode 



Port PO 



J 



r 



j 



r 



j 



r 



x 



Ports P0 7 ~P0 o 



Ports P0 7 ~P0 o 



Same as left 



I/O port 



" X vxX^^ X" 



X 



Ports P0 7 ~P0 

Address 
A 7 ~ A 



X 



J 



r 



Ports P1 7 ~P1 



r 



x 



Output 
port 



Ports P1 7 ~P1 



"V Address V" 

A a 12 ~a 8 A 

PortP1 5 

X^X^DC 



J 



r 



Output 
port 



X 



X 



Ports P1 4 ~P1 



Address 

Ai2~A 8 



X 



Port P1 5 



PortP1 6 



Same as left 



X 



R/W 



X 



Port P1 6 



XiEX2lLX 



X 



SYNC 



X 



Port P1 7 



X 



Output 
port 



X 



X 



Port P1 7 



Output 
port 



X 



J 



r 



j 



r 



j 



r 



x 



Ports P2 7 ~P2 



Ports P2 7 ~P2 



I/O port 



"V Output \J Data y" 
A port A D7~Do A 



Ports P2 7 ~P2 


^ Floating / 


// Data ^ 



Same as left 



Fig. 11 Processor mode and functions of ports P0~P2 

Table 2 Relationship between CNV SS pin input level and processor mode 



CNVss 


Mode 


Explanation 


Vss 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


"H" level 


• Eva-chip mode 


Eva-chip mode can be also selected by changing the processor mode bit with the program. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
12. When FST instruction is executed, SW sc is closed and 
when SLW instruction is executed, SWqsc is open. These 
instructions are used, when CR oscillation is required, to 
change the oscillation frequency. 






SW 



1/8 *► to timer 



w internal 
" clock <j> 



X| N XquTS XquTF 



r^ 



M50757-XXXSP 
M50758-XXXSP . 



H>o- 



To Timer ) 



x ->n 



6 6 

Xcin X COUT 

M50752-XXXSP 



Fig. 12 Block diagram of clock generating circuit 

The circuit examples of clock generator are shown in Fig- 
ures 13 — 17. The example when system clock signal is 
supplied from outside is shown in Figures 13 and 14. When 
clock signal is supplied from outside, let X| N be the input, 
and open X OU ts and X 0U tf (Figure 15). 
The clock signal for Timer X can be supplied by planing 
the ceramic oscillation (or a quartz crystal oscillation) in 
outside. The constant of capacitance differs depending on 
oscillators. Therefore, try to adjust the recommended value 
of each oscillator manufactuer (Figure 16) . In order to 
supply the clock signal from outside, let X C | N be the input, 
and open X CO uj (Figure 17). 











M50752-XXXSP 
M50757-XXXSP 

X|N XoUTF XouTS 






23 


_^\ 25 










R 2 







Fig. 13 



External ceramic resonator circuit 
(M50752-XXXSP and M50757-XXXSP) 




Fig. 14 External oscillator circuit (M50758-XXXSP) 
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Fig. 15 External clock input circuit 
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Fig. 16 External crystal resonator circuit 
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Fig. 17 External clock input circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+2). 

(2) Set a value other than "0" for the timer and the pre- 
scaler. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(4) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(5) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(6) A NOP instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Power voltage 


With respect to V S s. 
Output transistors cut-off. 


-0. 3—7 


V 


v P 


Power voltage 


Vcc-35~Vcc+0. 3 


V 


V, 


Input voltage, R 3 ~Ro. CNV SSl RESET, X, N) X C in 


-0.3—7 


V 


v, 


Input voltage, INT 1p INT 2 , P0 ~P0 7 , P2 5 ~P2 


-0.3—13 


V 


Vo 


Output voltage, Xoutf, X C out, Xouts. <t>, 


-0. 3~V C c+0. 3 


V 


Vo 


Output voltage, Wf 2 , P0 7 ~P0 , P2 5 ~P2 


-0.3-13 


V 


Vo 


Output voltage, P1 7 ~P1o. P3 7 ~P3 0l P2 7l P2 6 


Vcc-35-Vcc+O. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


T opr 


Operating temperture 




-10—70 


°C 


Tstg 


Storage temperature 


-40—125 


°Q 



RECOMMENDED OPERATING CONDITIONS (T a = -10~70°C ( V cc = 5V±10%, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Power voltage 


4.5 


5.0 


5.5 


V 


v P 


Power voltage 


Vcc-33 


< 


Vcc 


V 


Vss 


Power voltage 









V 


V,h 


"H" input voltage, P0 ~P0 7 , P2 ~P2 5 , JntT, Wf\ 


0. 8V CC 




Vcc 


V 


V,h 


"H" input voltage, CNV SS , X C in, RESET 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage, Xin 


0. 9V CC 




Vcc 


V 


V, H 


"H" input voltage, Rc~R3 


0. 4V CC 




Vcc 


V 


VlL 


"L" input voltage, P0 ~P0 7 , P2 ~P2 5 , CNV SS , TntT, TnT^ 

XciN 







0. 2V CC 


V 


V, L 


"L" input voltage, RESET 







0. 12V CC 


V 


v IL 


"L" input voltage, R ~R3. X| N 







0. 12V CC 


V 


f(x |N ) 


Internal clock oscillating frequency 






4 


MHz 



ELECTRICAL CHARACTERISTICS (V cc = 5V±10%, V ss = OV, f (X|N , = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage, <f> 


Vcc = 5V, T a = 25°C , Ioh = -2. 5mA 


.3 






V 


Vqh 


"H" output voltage, P1 ~P17, P3 ~P3 7 , P2 6 , P2 7 


Vcc = 5V, T a = 25°C , Ioh - -1 2mA 


3 






V 


Vol 


"L" output voltage, <f> 


Vcc = 5V, T a = 25°C , l 0L = 5mA 






2 


V 


Vol 


"L" output voltage, P0 ~P0 7 , P2 ~P2 5 , INTl 


Vcc = 5V, T a = 25°C , Iol = 1 0mA 






2 


V 


V t +-V t _ 


Hysterisis, INT7, INT 2 


V cc = 5V, T a = 25t 


0.3 




1 


V 


V T +-V T _ 


Hysterisis, RESET 


Vcc = 5V, T a = 25°C 




0.4 


0.7 


V 


Iol 


"L" output current (Pull-down resistance) 

P1 ~P1 7 , P3 ~P3 7 , P2 6 , P2 7 


V P = V CC -33V, Vol = V C c, T a = 25°C 


150 




900 


,/M 


IlL 


input leakage current, INT^ INT 2 , P0 ~P0 7 
P2 ~P2 5 


Vcc = 5V, T a = 25°C 
0^ V,^5V 


-5 




5 


juA 


Iil 


input leakage current, CNV SS , RESET, X, N 
Xcin. Ro~R3 


Vcc = 5V, T a = 25°C 
^ V, ^ 5V 


-5 




5 


MA 


I.L 


input leakage current, P1 ~P17, P3 ~P3 7 , P2 6 , P2 7 


Vcc = 5V, T a = 25°C 
Vcc-33 ^ V, ^ Vcc, V, = V P 


-33 




33 


juA 


'cc 


Supply current 


V CC =5V, T a =25°C 

P2 6 , P2 7 : V C c. Output pins open 

Input and I/O pins other than P2 6 , P2 7 : V ss 




3 


6 


mA 
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TIMING REQUIREMENTS 

Single-Chip mode (V CC =5V±10%, V ss =0V, T a =25*C, f (X|n) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (POD— <t>) 


Port PO input setup time 


270 






ns 


tsil (P1D— <t>) 


Port P1 input setup time 


270 






ns 


tsU (P2D— <f>) 


Port P2 input setup time 


270 






ns 


*SU (P3D— <t>) 


Port P3 input setup time 


270 






ns 


tsU (RD— 0) 


Port R input setup time 


330 






ns 


th (<*— POD) 


Port PO input hold time 









ns 


th (<ft— P1D) 


Port P1 input hold time 









ns 


th (*_ P2D) 


Port P2 input hold time 









ns 


t|l (<*— P3D) 


Port P3 input hold time 









ns 


*h («*— RD) 


Port R input hold time 









ns 


tc 


External clock input cycle time 


250 






ns 


t w 


External clock input pulse width 


75 






ns 


tr 


External clock rising edge 






25 


ns 


tf 


External clock falling edge 






25 


ns 



Memory expanding mode and eva-chip mode 



(V CC =5V±10%, V ss =0V, T a =25°C, f ( X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu (POD— 0) 


Port P0 input setup time 


270 






ns 


tsu (P1D— <t>) 


Port P1 input setup time 


270 






ns 


tsU (P2D— <f>) 


Port P2 input setup time 


270 






ns 


th (0— POD) 


Port P0 input hold time 









ns 


th (<fi— P1D) 


Port P1 input hold time 









ns 


th {</>— P2D) 


Port P2 input hold time 









ns 



MiCrOprOCeSSOr mOde (V CC =5V±10%, V ss =0V ) T a =25°C, f (X|n )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D— <6) 


Port P2 input setup time 


270 






ns 


th (0— P2D) 


Port P2 input hold time 









ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V OC =5V±10%, V ss =0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


- Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. ' 


td(«*-POQ) 


Port PO data output delay time 


Fig.18 






230 


ns 


td(<*-Pia) 


Port P1 data output delay time 


•Fig.19 






230 


ns 


*d(<*-P2Q) 


Port P2 data output delay time 


Fig.18, Fig.19 






230 


ns 


td(^-P3Q) 


Port P3 data output delay time 


Fig.19 






200 


ns 



Memory expanding mode and eva-chip mode 





(V cc = 


5V±1.0%, V ss =0V, T a =25°C, f (X|N ) = 


=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<4-POA) 


Port P0 address output delay time 


Fig.18 






250 


ns 


td(tf-POAF) 


Port P0 address output delay time 






250 


ns 


*d(«*-POQ) 


Port P0 data output delay time 






200 


ns 


td(95-POQF) 


Port P0 data output delay time 






200 


ns 


td(<*-piA) 


Port P1 address and control signal delay time 


Fig.19 






250 


ns 


td(9>-P1AF) 


Port P1 address and control signal delay time 






250 


ns 


td(^-piQ) 


Port P1 data output delay time 






200 


ns 


*d(<*-P1QF) 


Port P1 data output delay time 






200 


ns 


td(^-P2Q) 


Port P2 data output delay time 


Fig.18, Fig.19 






200 


ns 


td(^-P2QF) 


Port P2 data output delay time 






200 


ns 



MiCrOprOCeSSOr mode (V CC =5V±10%, V ss =0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(<* -POA) 


Port P0 address output delay time 


Fig.18 






250 


ns 


*d(0 -pia) 


Port P1 address and control signal delay time 


Fig.19 






250 


ns 


td(0-P2O) 


Port P2 data output delay time 


Fig.18, Fig.19 






200 


ns 


td(0-P2QF) 


Port P2 data output delay time 






200 


ns 





Fig.18 Port PO, P2 ~P2 5 test circuit 



Fig.19 Port P1, P2 6 , P2 7> P3 test circuit 
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TIMING DIAGRAMS 

In single-chip mode 













v 


/ 




</> 




\ 






> 


lC](</> -HUU) 






Port PO output 


f 
















tsu(POD-0) 






Port PO input 




r 


X 


^ 


> 


td(0-Pioj 




th(^-POD) 


Port P1 output 


' 
















tsu(PlD-0) 






Port P1 input 




/ 


X 


_^ 


> 


,td(0-P2O) 




th(<*-PiD) 


Port P2 output 


' 
















tsu(P2D-0) 

/ 






Port P2 input 




' 


X 




> 


td(0-P3O) 




thU~P2D) 


Port P3 output 


' 
















tsu(P3D-0) 






Port P3 input 




' 

- 


X 














th(0-P3D) 
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In single-chip mode (continued from the preceding page) 



Port R input 




KX IN ) 
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In memory expanding mode and eva-chip mode 



Port PO output 




Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



x 



td(0~P1A) 



X 



td(0-P2O) 



td(0-poo) 



tsu(P0D-^) 



/ 



td(0-P1AF) 



»: 



td(^-Pio) 



tsu(P1D-0) 



/ 



td(0 — P20F) 



XX 



tsu(P2D-0) 



V 



X 



thU-POD) 

td(0-P1OF) 



V 



thc^-PiD) 



X 



thU-P2D) 
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In microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



\ / 



>: 



td(0 -POA) 



>: 



td(* pia) 



High impedance 



X 



td(0--P2O) 



tsu(P2D-0) 



y 



X 



X 



td(0-P2OF) 



>::::: 



v 



th(^-P2D) 
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DESCRIPTION 

The M50753-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50753-XXXSP and the 
M50753-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size ROM 6144 bytes 

RAM 192 bytes 

• Instruction execution time 

2/iS (minimum instructions at 4MHz frequency) 

• Single power supply f(X, N )=4MHz • 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) ••••15mW 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 8 types, 5 vectors 

• 8-bit timer, 3 (2 when used as A-D or serial I/O) 

• Programmable I/O ports (Ports PO, Pi, P2, P3, P4)---- 36 

• Input ports (Port IN) •••• 8 

• Serial I/O (8-bit) 1 

• A-D converter 8-bit successive approximation 

• PWM function 1 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 


av ss E 


V^ 


JE1«-IN1 




Input port IN IN0-*E 




1H«-IN2 




Reference w — * H" 
voltage input REF ' — 




D — IN3 




AVcc E 




ID ^- IN4 


Input port IN 


PWM output port PWM *- E 




60]^-IN5 




NC E 




H^IN6 






P2 7 -E 




U«-IN7 






P2 6 -E 




M V cc 




P2 5 -E 




H^POo 






P2 4 ^E 




m^po. 




I/O port P2 


P2 3 — E 
P2 2 «-*E 




m^po 2 

U— P0 3 






P2 1 ^-E 




H — po 4 


I/O port P0 




P2 — E 


Ol 


ni^po 5 






P3 7 /S RDY — E 


o 


ll** P0 6 






P3 6 /CLK*-E 


Ol 
CO 


49)**P0 7 






P3 5 /Sout ** E 


X 


H**P1o 






P3 4 /S IN ~E 


X 
X 


H — pii 




I/O port P3 


P3 3 <~E 
P3 2 **E 


CO 
"0 


U — p-i 2 
U^pi 3 






P3t^E 




44]^P1 4 


I/O port P1 




P3 ~E 




1~P1 5 




Timer I/O CNTR—E 




1-P1 6 




I 


INT! — E 




m^pi 7 




Interrupt input 


INT^->E 




H NC 


CNVss E 




H NC 


Reset input RESET -* E 




H**P4 




Clock input X, N -* E 




H -w P4t ■ 




Clock output X ut*~E 




1— P4 2 


I/O port P4 


Timing output 0«— [30 




1->P43 




Reset output RESET OU t ♦" E 




34J — >• 2 <f> Timing output 


v ss E 




m nc 





utline 64P 


4B 


OOr-CVJCO^LOCDS- 


OOOOOOOOOt^t^t^t^t^t^ 


>Q.Q.Q.Q.Q.Q.Q_rj-Q_Q_Q_Q_a-Q. 


fmiumiiH 


|ilR|^||«|RilRo||ii||5l|i?IPil|SlRI5l|5illi?l 




IN7 — H 




!D«-*P1 6 


IN6-*GZ 




29]~P1 7 


IN5-*(48 


0' 


3]^P4 


IN4 — Gl 




27]^P4 1 


IN3 — [50 




26]— P4 2 


IN2 — H 




ID — P4 3 


IN1 — [I 




2*}-+ 2(f> 


AV SS H 


M50753-XXXFP 


23] Vss ' 


INO — [M 




ID— RESETout 


Vref [I 




Hl-*0 


AV CC H 




2£] +~ XquT 


pwm^-[1z 




H3*-X| N 


P2 7 ^d8 


o o 


is] PRESET 


P2 6 — 01 




IE CNVss 


P2 5 ^[eo 




lU^INTz 


I 


iJL2jL3j[4jL5j[6jl2Jl±|llJNlllJlHjll3jNN 




tittmniiin.f 




CM CM CM CM CM Q *j D.^COCOCOCOth- 


Q. Q. Q. D. a oc H oMQ.Q.Q.atz 

w O CO > z - 


"X "« ^ « O 


CO CO CO °- 


Q. Q- Q. 


Outline 60P6 


NC .' No connection 
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M50753-XXXSP BLOCK DIAGRAM 



Clock 
input 



Clock 
output 



Timing Timing 
output output 



Reset 
output 



Interrupt 
input 



Interrupt 
input 



Reset 
input 



Reference 

(5V) (5V) (OV) (OV) (OV) Tnpjf ' 




I AD 

' mm, 



ip 



K8) 1 1 P4(8) 

1~T"T"FTT , T a a a a 



A si/as) U 



tv 



r P3(8) P2(8) 

AAAAAAAA -A A A A A A A A 



PK8) 
AAAAAAAA 




| P(X8) 

-AAAAAAA 



Input port IN I/O port P4 



I/O port P3 



modulation timer I/O 
output port 



z 
o 

r 
m 

o 

z 

00 

1 

DO 



O 

3 

o 



o 

o 
o 

o 

■o 



m 

30 



MITSUBISHI MICROCOMPUTERS 

M50753-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50753-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


6144bytes 


RAM 


192bytes 


I/O port 


TntT. Tnt^ 


Input 


1-bitX2 . 


PO, P1, P2, P3, P4 


I/O 


4-bitXl 


8-bitX4 (Part of P3 are in common with serial I/O) ' 


IN 


Input 


8-bitX 1 (Input and analog input for A-D) 


CNTR 


I/O 


1-bltX1 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalerX2+8-bit timerX3 

(2 when A-D convertion or serial I/O is used) 


Subroutine nesting 


96 levels (max) 


Interrupts 


two external interrupts 

three timer interrupts 

(2 of timer interrupts are in common with serial I/O and A-D) 


Clock generating circuit 


Built-in (Ceramic or quartz crystal oscillator) . 


Supply voltage 


5V±10% 


Power dissipation 


At high-speed operation 


15mW (at 4MHz frequency) 


I/O characteristics 


Input/output voltage 


12V (Ports PO, P1, P2, P3, P4, IntT, WT 2 , CNTR) 


Output current 


I OmA (Ports PO, P1, P2, P3, P4) 


Memory expansion 


possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


A-D converter 


eight analog inputs, 8-channel successive approximation 


PWM function 


One output 


Package 


M50753-XXXSP 


64-pin shrink plastic molded DIP 


M50753-XXXFP 


60-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output ' 


Functions 


Vcc 
V ss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V ss - 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/j.s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X, N and Xout pins. If an external clock is used, the clock 
source should be connected to the X| N pin and the Xout pin should be left open. 


X UT 


Clock output 


Output 


4>,24> 


Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an output pin for the timer X. 


Tnt7 


V • 
Interrupt input 


Input 


This is. the highest order interrupt input pin. 


INT2 


Interrupt input 


Input 


This is the lowest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is N-channel open drain. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P37, 
P3 6 , P3 5 , and P3 4 work as S RD y. CLK, Sout- and S| N pins, respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 


PWM 


PWM output 


Output 


This is output pin from the pulse width' modulator. 
The output structure is N-channel open drain. 




Reset output 


Output 


This pin outputs the reset signal for peripheral devices. 


RESETqut 


IN0—IN7 


Analog input port IN 


Input 


This is an 8-bit analog input port for the A-D converter, and can be used as normal input port. 


Vref 


Reference voltage 
input 


Input 


This is the reference voltage input pin for the A-D converter. 


AVcc 


Voltage input for A-D 




This is the power supply input pin for the A-D converter. 


AV SS 


Voltage input for A-D 




This is GND input pin for the A-D or D-A converter. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50753-XXXSP is shown in Figure 
1. Addresses E800 16 to FFFF 16 are assigned to the built-in 
ROM area which consists of 6144 bytes. 
Addresses FF00 16 to FFFF 16 are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses FFF4 16 to 
FFFF 16 are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000 16 to 00FF 16 



are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 00BF 16 are assigned to the built-in 
RAM and consist of 192 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 



Zero page 



RAM 
(192 bytes) 



ROM 

(6144 bytes) 



Special 

page for 

subroutine" 

call 







00BF 16 






00E0 16 


Not used 




00FF 16 








Not used 


E800 16 






FF00 16 






FFF4 16 




Address L 
Address H 




Address L 
Address H 




Address L 
Address H 




Address L 
Address H 




Address L 
Address H 


FFFF.~ 


Address L 
Address H 



Decimal 




191 / 



255 



INT 2 \ 

S I/O or Timer 2 ^ 

Timer 1 or A-D \ 
\ 
Timer X \ 

- Tnt7 \ 



65535 



00E0 16 


Port P0 


00E1 16 


Port PO directional register 


00E2 16 


Port P1 


00E3 16 


Port PI directional register 


00E4 16 


Port P2 


00E5 16 


Port P2 directional register 


00E6 16 




00E7 16 




00E8 16 


Port P3 


00E9 16 


Port P3 directional register 


OOEAie 


Port P4 


00EB, 6 


Port P4 directional register 


OOECie 




00ED 16 




00EE 16 


IN register 


00EF 16 


A-D register 


00F0 15 




00F1 16 




00F2 16 


A-D start address 


00F3 16 


A-D control register 


00F4 16 




00F5 16 


PWM control register 


OOF616 


Serial I/O mode register 


00F7 16 


Serial I/O register 


00F8 16 




00F9, 6 


Timer 1, 2 prescaler 


00 FA, 6 


Timer 1 


00FB 16 


Timer 2 


OOFCie 


Timer X prescaler 


00FD 16 


Timer X 


OOFEie 


Interrupt control register 


00FF 16 


Timer control register 



Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 
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Accumulator 



Index register X 
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Stack pointer 
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Processor status register 
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• Interrupt disable flag 

■ Decimal mode flag 
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- Index X mode flag 

■ Overflow flag 

■ Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The location of the stack can be determined by the stack 
page bit (bit 4 at address 00FF 16 ). When bit 4 is "0" and 
the contents of the stack pointer is XX 16 , the stack address 
is set to 00XX 16 . When bit 4 is "1", the stack address is set 
to 01XX 16 . When using this microcomputer in the single- 
chip mode, the stack page bit must be "0" and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTl) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag (I) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 

Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16 , FFFE 16 


INT! 


2 


FFFD 16> FFFC 16 


Timer X 


3 


FFFB 16 , FFFA 16 


Timer 1 or A-D 


4 


FFF9 16> FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16 , FFF6 16 


Int^(brk) 


6 


FFF5 16 , FFF4 16 



INTERRUPT 

The M50753-XXXSP can be interrupted from eight sources; 
INTl Timer X, Timer 1/A-D, Timer 2/Serial I/O, or the 
INT 2 /BRK instruction. 

The value of bit 2 of the serial I/O register (address 
00F6 16 ) determines whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is "1" the interrupt is from serial 
I/O, and when bit 2 is "0" the interrupt is from timer 2. Also, 
when bit 2 is "1", parts of port 3 are used for serial I/O. Bit 
3 of the A-D control (address 00F3 16 ) register determines if 
an interrupt is from timer 1 or from the A-D. When bit 3 is 
"0", the interrupt is from timer 1, when bit 3 is "1" the inter- 
rupt is from the A-D. These interrupts are vectored and 
their priorities are shown in Table 1. Reset is included in 
this table since it has the same function as an interrupt. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt inhibit flag (I) is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset, interrupt is the highest priority interrupt and 
, can never be inhibited. Except for the reset interrupt, all in- 
terrupts are inhibited when the interrupt inhibit flag is set to 
"1". All of the other interrupts can further be controlled indi- 



Interrupt 
request 



rd= 



rO 



^P 



iO 



I — Interrunt riisahlp flar 



Interrupt disable flag I 



' — Reset 



Interrupt control register (Address 00FE 16 ) 

Bit 7: INTi pin interrupt request bit 

Bit 6: INTi pin interrupt enable bit 

Bit 5: Timer 1 interrupt or A-D interrupt request bit 

Bit 4: Timer 1 interrupt or A-D interrupt enable bit 

Bit 3: Timer 2 interrupt or serial I/O interrupt request bit 

Bit 2: Timer 2 interrupt or serial I/O interrupt enable bit 

Bit 1: INT 2 pin interrupt request bit 

Bit 0: INT 2 pin interrupt enable bit 



Timer control register (Address 00FF 16 ) 

Bit 7: Timer X interrupt request bit 

Bit 6: Timer X interrupt enable bit 

Bit 5: Timer X count stop bit 

Bit 4: Stack page bit 

Bit 3: 

Bit 2: 

Bit 1: 

BitO: 



Timer X mode bit 



Processor mode bit 



Fig.3 Interrupt control 
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vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 
the interrupt request bit are both "1" and the interrupt in- 
hibit flag is "0". 

The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the iNTi or INT^ pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 

(3) A-D conversion is finished. 

These request bits can be reset by the program but can not 
be set. 

Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



TIMER 

The M50753-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial I/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
"1"; the timer X will stop regardless of which mode it is in. 
A block diagram of timer X, timer 1 and timer 2 is shown in 
Figure 4. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/n, where n is the 
decimal contents of the prescaler latch. All three timers are 
down-count timers which are reloaded from the timer latch 
following the zero cycle of the timer (i.e. the cycle after the 
timer counts to zero). 
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Fig.4 Block diagram of timer X, timer 1 , and timer 2 
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The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero and 1. 
The four modes of timer X as follows: 

(1) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
., resumes. 
The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

When timer 1 or 2 is used, the bit of PWM control 
register must be set to "0". For details, refer to the 
PWM section. 



J Timer control register (Address 00FFi6) 



Processor mode bit 
00: Single-chip mode 
01: Memory expanding mode 
10: Microprocessor mode 
11: Eva-chip mode 



Timer X mode bit 

00: Timer mode 

01: Pulse output mode 

10: Event counter mode 

11: Pulse width measurement mode 
Stack page bit 

0: page 

1: 1 page 
Timer X count stop bit 

0: Count start 

1: Count stop 

Timer X interrupt enable bit 

*. Interrupt disable 

1 : Interrupt enable 

Timer X interrupt request bit 
0: No interrupt request 
1: With interrupt request 



Fig.5 Structure of timer control register 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 6. 
In the serial I/O mode the receive ready signal(S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout, S| N ) are used as P3 7 , P3 6 , P3 5) and P3 4) respectively. 
The serial I/O mode register (address 00F6 16 ) is a 4-bit 
register. Bits 1 and of this register is used to select a 
synchronous clock source. 

When these bits are (00) or (01) , an external clock from 
P3 6 is selected. When these bits are (10), the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are (11) , the oscillator fre- 



quency divided by 16, becomes the clock. 
Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a "1", P3 6 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P3 6 
and P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 2. Bit 3 



Oscillator Divider 



Xin Of(X lN )- 1/16 
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Fig.6 Block diagram of serial I/O 
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determines if P3 7 is used as an output pin for the receive 
data ready signal (bit 3=1, S RD y) or used as normal I/O pin 
(bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock— The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M50753-XXXSP is ready to receive the external serial data. 
The Srdy signal goes "H" at the next falling edge of the 
transfer clock. The serial I/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P3 5 . During the 



rising edge of this clock, data can be input from P3 4 and 
the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External Clock — If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M50753-XXXSPs is shown in Figure 8. 
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A-D CONVERTER 

The A-D converter circuit is shown .in Figure 9. The analog 
input ports of the A-D converter (1N0 — IN7) are in common 
with input ports of the data bus. 

The 4-bit A-D control register is located at address F3 16 . 
One of the eight analog inputs is selected by bits 0, 1 and 
2 of this register. The correspondence of the analog input 
pins with bits 0~2 is shown in Figure 10. Bit 3 selects the 
interrupt source, either from timer 1 or the A-D itself. If bit 3 
is "0", then the interrupt request is from timer 1, if it is a "1", 
then it is from the A-D. 

A-D conversion is accomplished by first selecting the ana- 
log channel (bit 0, 1 ) to be converted. Bit 3 should also be 
set to "1" to select the A-D as the interrupt source. The 
conversion is started when dummy data is written into 
address 00F2 16 . When the conversion is finished, an inter- 
rupt is generated by the A-D and the digital data can be 
read from the A-D register (address 00EF 16 ). 



Port IN can also be used as an input port by reading data 
into address EE 16 . However, this cannot be done during A- 
D conversions. 
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Fig.9 A-D converter circuit 



MITSUBISHI 
t ELECTRIC 



2-211 



MITSUBISHI MICROCOMPUTERS 

M50753-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PWM 

The M50753-XXXSP has a pulse width modulated (PWM) 
output control circuit. The circuit outputs a variable duty cy- 
cle signal that can be used for a programmable pulse width 
and frequency. Timers 1 and 2 are used for the PWM. The 
block diagram of the PWM is shown in Figure 11. 
The PWM is composed of N-channel open drain transistors. 
When bit of the PWM control register is "0", the output 
transistors are turned off. When timers 1 and 2 are not used 
for PWM control, they operate in the normal timer modes. 



When bit of the PWM control register is "1", a rectangular 
wave is output according to the value set in timer 1 and 2. 
The clock source frequency for the PWM is the oscillator 
frequency divided by 16. 
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Fig. 11 PWM block diagram 
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Fig. 12 PWM rectangle waveform 
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RESET CIRCUIT 

The M50753-XXXSP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/iS while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 14. 



An example of the reset circuit is shown in Figure 13. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X| N -X ut becomes stable. 
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Fig. 13 Example of reset circuit 



Fig. 14 Internal state of microcomputer at reset 
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Fig.15 Timing diagram at reset 
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I/O PORTS 

(1) Port PO 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

Pull-up transistor can be specified as an option. As 
shown in the memory map (Figure 1), port PO can be 
accessed at zero page memory address 00E0 16 . Port 
PO has a directional register (address 00E1 16 ) which 
can be used to program each individual bit as input 
("0") or as output ("1"). If the pins are programmed as 
output, the output data is latched to the port register 
and then output. When data is read from the output port 
the output pin level is not read, only the latched data in 
the port register is read. This allows a previously output 
value to be read correctly even though the output vol- 
tage level is shifted up or down. Pins set as input are 
in the floating state and the signal levels can thus be 
read. When data is written into the input port, the data 
is latched only to the port latch and the pin still remains 
in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) PortPI 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 
For more details, see the processor mode information. 



(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O pins. For more details, see the processor mode in- 
formation. 

(5) Port P4 

Port P4 is an 4-bit I/O port with N-channel open drain 
outputs. This port also has the pull-up transistor option. 

(6) Clock 2 output pin 

In normal conditions, the oscillator frequency divided 
by two is output as 2 4>. 

(7) Clock <j> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as 0. 

(8) RESETqut Pin 



When the RESET pin goes to level "L", the RESETqut 
pin also goes to "L". On the other hand, when the RE- 
SET pin goes to level "H", the RESETqut pin also goes 
to "H" after 8 clock cycles. This output is used to reset 
the external circuits. 

(9) TNT7 pin 

The INT-i pin is an interrupt input pin. The IN^ interr 
rupt request bit (bit 7 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(10) INT2 pin 

The INT 2 pin is an interrupt input pin. When this signal 
level changes from "H" to "L", the interrupt request bit 
(bit 1 at address 00FE 16 ) is set to "1". 

(11) CNTR pin 

The CNTR pin is an I/O pin of timer X. In the event 
counter mode, CNTR becomes the input pin of the ex- 
ternal pulse. In the pulse output mode, the CNTR out- 
put changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
(12). Port IN 

Port IN is an 8-bit input port to the A-D converter. The 
input contents of the port can be read to as the con- 
tents of address 00EE-| 6 . The read operation is inhibited 
during A-D conversion. 
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Fig. 16 Block diagram of ports PO— P5 (single-chip mode), and output and input formats CNTR, <f> f RESETqut. 
2 4>, and port IN 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 14 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 17. 
By connecting CNV SS to V ss , all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNV S s places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 



FFFF, 




Eva-chip 
mode 



Microprocessor 
mode 



The shaded area is external memory area 



Fig. 17 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss - Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV S s is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address data for port P0 is output 
when goes to "H" state. When goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
<j> goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original output functions while 4> is at the "H" state, 
and works as a data bus of D 7 ~D (including instruc- 
tion code) while at the "L" state. Pins P3i and P3 out- 
put the SYNC and R/W control signals, respectively 
while is in the "H" state, and RDY signal is input form 
P3 2 pin. When in the "L" state, P3 2 , P3! and P3 retain 
their original I/O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The RDY is ready signal input and, when it goes to "L", 
internal clock stops and the CPU waits the data. 
However, the oscillation does not stop. 

(3) Microprocessor mode [10] 

After connecting CNV S s to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D 7 ~D ) and loses 
its normal I/O functions. Port P3 2 , P3 1( and P3 become 
the RDY, SYNC and R/W pins, respectively and the 
normal I/O functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV SS pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 

This mode has almost the same function as the mem- 
ory expanding mode except that it needs to attach all 
program memories to the outside. The relationship be- 
tween the input level of CNV S s and the processor 
mode is shown in Table 2. 
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'J 
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*J 


Ports P0 7 ~P0 


Oo 


Ports P0 7 ~P0 


X 


Y I/O port 


XTSX'-^X 


V Address 
A A 7 ~A 


Port P1 
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Same as left 
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•j 


'J 


i 


,j 


Ports P1 7 ~P1 


Ports P1 7 ~P1 
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X 


Y I/O port 
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V Address 
A A 15 ~A 8 


Port P2 
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*\ 


d 


r 


♦I 


Ports P2 7 ~P2 


Ports P2 7 ~F 


2 


Ports P2 7 ~P2 


Y I/O port 
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V\ p° rt / 


/ Data \/ 

\ D 7 ~D A 
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J- "^ D 7 ~C 


>.x- 
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r 
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Ports P3 7 ~P3 
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Y I/O port 


Y I/O port 
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Y I/O port 
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X rdy X l/0 p° rt X 


J{ RDY 
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X. 
x: 


Port P3i 


X SYNC ) 


( I/O port )( 


Y SYNC 
Port P3 


Port P3 


X r ™ X l/oport X 


X R/ W 









FinlS Prn, 



ccccor mode and functions of ports PQ~ P3 



Table 2 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


V S s 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the rese. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode » 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
21. 

When the STP instruction is executed, the oscillation of in- 
ternal clock is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock <f> keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <t> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address 00FF 16 ) must be set to 
"0" before, executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 




Fig. 19 External ceramic reasonator circuit 
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Fig.20 External clock input circuit 

suggested value. 

The example of external clock uasge is shown in Figure 20. 

X| N is the input, and X OU t is open. 
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Fig.21 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/n. 

(2) Set a value other than "2" for the timer and the pre- 
scaler. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 
Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 
After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

A NOP instruction must be used after the execution of 
a PLP instruction. 
Notes on serial I/O 

Set "0" in the serial I/O interrupt enable bit (bit 2 of 
address 00FE 16 ) before setting the serial I/O mode. 
Insert at least one instruction and set "0'' in the serial I/ 
O interrupt request bit (bit 3 of address 00FE 16 ) after 
setting the serial I/O mode. 

Set "1" in the serial I/O interrupt enable bit after the 
operation described in ©. 

The timer X and prescaler X must be set "FF 16 " im- 
mediately before the execution of a STP instruction. 
Notes on A-D conversion 

Set "0" in the A-D interrupt enable bit (bit 4 of address 
00FE 16 ) before setting A-D conversion. 

© Insert at least one instruction and set "0" in the A-D in- 
terrupt request bit (bit 5 of address 00FE 16 ) after set- 
ting the A-D conversion. 

® Set "1" in the A-D interrupt enable bit after the opera- 
tion described in ©. 

(3) Set "0" in bit 3 of the A-D control register (address 
00F3 16 ) before using a STP instruction. 



(4) 



(5) 



(6) 

(7) 
© 



(8) 

(9) 
© 



DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data • EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• Port P0 pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit 

• Port P3 pull-up transistor bit 

• Port P4 pull-up transistor bit 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


with respect to V S s 

Output transistors are at "off" state 


—0. 3—7 


V 


V, 


Input voltage RESET, X, N 


-0. 3—7 


V 


V, 


Input voltage IN0-HN7 


-0. 3~Vcc+0. 3 


V 


V, 


Input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , CNTR 
lNt7, INT^, CNVss 


-0.3—13 


V 


Vo 


Output voltage 2 4>, X ut, 0, RESET 0U t 


-0. 3— V cc +0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1o~P17, P2 ~P2 7 

P3 ~P3 7l P4 ~P4 3 , CNTR, PWM 


-0.3-13 


V 


Pd 


Power dissipation 


T a =25°C 


1000(Note1 ) 


mW 


Topr 


Operating temperature 




-10—70 


°C 


T stq 


Storage temperature 




-40-125 


°C 



Note 1 : 300mW for QFP types. 

RECOMMENDED OPERATING CONDITIONS 

(V CC =5V±10%, T a =— 10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Nom. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V ss 


Supply voltage 









V 


V,H 


"H" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3o~P3 7l P4 ~P4 3 , IN0-IN7 
CNTR, INtT, INTl 
RESET, X, N , CNVss 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , IN0-IN7 
CNTR, IntT, INT^, CNVss 







0. 2V CC 


V 


V, L 


"L" input voltage RESET 







0. 12V CC 


V 


V IL 


"L" input voltage X| N 







0. 16V CC 


V 


f(x 1N ) 


Internal clock oscillating frequency 






4 


MHz 



"H" input voltage of ports P0, P1, P2, P3, P4, CNTR, INT 1( and INT 2 is available up to +12V. 
(However, these ports are without pull-up transistor) 
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ELECTRICAL CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f (X|N ,=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage & RESET ut, 2 <f> 


l H=-2.5mA 


3 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 

P3 ~P3 7 , CNTR, P4 ~P4 3l PWM 


l O L=10mA 






2 


V 


Vol 


"L" output voltage </>, RESET 0UT , 2 4> 


l L=5mA 






2 


V 


V T +-V T _ 


Hysterisis P3 6 


when used as CLK input 


0.3 




1 


V 


Vt+-V t - 


Hysterisis CNTR, IntT, INT^ 




0.3 




1 


V 


V T +-V T - 


Hysterisis RESET 






0.5 


0.7 


V 


V T +-V T _ 


Hysterisis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , PWM 


V,=0V 

without pull-up tranpistor 






-5 


juA 


IlL 


"L" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3o~P3 7) P4 ~P4 3 , PWM 


V,=0V 

with pull-up transistor 


-40 


-70 


-125 


juA 


IlL 


"L" input current IN0~IN7 


V,=0V 






-5 


MA 


IlL 


"L" input current CNTR, INT 1( INT 2l . RESET, X, N 


V,=0V 






—5 


ma 


llH 


"H" input current P0 ~P0 7 , P1 ~P17> P2 ~P2 7 
P3 ~P3 7) P4 ~P4 3 , PWM 


V,=12V 

without pull-up transistor 






12 


ma 


llH 


"H" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , PWM 


V,=5V 

with pull-up transistor 






5 


juA 


I.H 


"H" input current INO — IN7 


Vi=5V (when A-D not selection) 






5 


juA 


llH 


"H" input current CNTR, INT^ INT 2 , RESET, X, N 


V,=5V 






5 


juA 


l|H 


"H" input current V RE f 


V,=5V 






5 


mA 


'cc 


Supply current 


output pins are open, input and I/O pins are 
connected to V S s 




3 


6 


mA 


'acc 


Supply current for A-D 


during A-D conversion 




2 


4 


mA 



A-D CONVERTER CHARACTERISTICS (V C c=AV C c=5V, v S s=AV S s=0V, T a =25°C, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 




- 


- 


8 


Bits 


- 


Absolute accuracy 


Vcc=AVcc=V REF =5.12V 






±3 


LSB 


^LADDER 


Ladder resistance value 




1 






kn 


tcONV 


Conversion time 








72 


JUS 


Vref 


Reference input voltage 








Vcc 


V 


V,a 


Analog input voltage 








Vref 


V 
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TIMING REQUIREMENTS 

Single-Chip mode (V CC =5V±10%, V ss =0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu (POD— <*>) 


Port PO input setup time 


270 






ns 


*SU (P1D— $) 


Port P1 input setup time ( 


270 






ns 


tsU (P2D— 4>) 


Port P2 input setup time 


270 






ns 


l SU (P3D— <t>) 


Port P3 input setup time 


270 






ns 


*SU (P4D— <A) 


Port P4 input setup time 


270 






ns 


tsU (IND— <f>) 


Port IN input setup time 


270 






ns 


th l<fi— POD) 


Port PO input hold time 


20 






ns 


th (<*— P1D) 


Port P1 input hold time 


20 






ns 


th (<4-P2D) 


Port P2 input hold time 


20 






. ns 


t|>(^_p3D) 


Port P3 input hold time 


20 






ns 


th (<*— P4D) 


Port P4 input hold time 


20 






ns 


th (<ii-IND) 


Port IN input hold time 


20 






ns 


tc 


External clock input cycle time 


250 






ns 


t W 


External clock input pulse width 


75 






ns 


tr 


External clock rising edge 






25 


ns 


tf 


External clock falling edge 






25 


ns 



Memory expanding mode and eva-chip mode 

(V C c=5V±10%, Vss=0V, T a =25°C , f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu (POD— </>) 


Port P0 input setup time 


270 






ns 


tsu (P1D— <t>) 


Port P1 input setup time 


270 






ns 


tsu (P2D— <t>) 


Port P2 input setup time 


270 






ns 


tsu (RDY— <f>) 


RDY input setup time 


150 






ns 


th (4>— POD) 


Port P0 input hold time 


20 






ns 


th (?6_P1D) 


Port P1 input hold time 


20 






ns 


th («*— P2D) 


Port P2 input hold time 


20 






ns 


th (f-RDY) 


RDY input hold time 


500 






ns 



MiCrOprOCeSSOr mode (V C c=5V±10%, V ss =0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D— <t>) 


Port P2 Input setup time 


270 






ns 


tsu (RDY— <t>) 


RDY input setup time , 


150 






ns 


th (<6— P2D) 


Port P2 input hold time 


20 






ns 


th («*— RDY) 


RDY input hold time 


500 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V CC =5V±10%, V ss =0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0— POQ) 


Port PO data output delay time 


Fig.22 






230 


ns 


td(0— piq) 


Port P1 data output delay time 






230 


ns 


^d( Vi— P2Q) 


Port P2 data output delay time 






230 


ns 


td(0-P3a) 


Port P3 data output delay time 






230 


ns 


td(0— P4Q) 


Port P4 data output delay time 






230 


ns 



Memory expanding mode and eva-chip mode 



(V CC =5V±10%, Vss=0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0— poa) 


Port P0 address output delay time 


Fig.22 






250 


ns 


*d( 0— POAF) 


Port P0 address output delay time 






250 


ns 


td(0-POQ) 


Port P0 data output delay time 






200 


ns 


td(0— POQF) 


Port P0 data output delay time 






200 


ns 


td(<*— pia) 


Port P1 address output delay time 






250 


ns 


*d(0— P1AF) 


Port P1 address output delay time 






250 


ns 


td((*— piq) 


Port P1 data output delay time 






200 


ns 


td(0— P1QF) 


Port P1 data output delay time 






200 


ns 


td(0— P2Q) 


Port P2 data output delay time 






.300 


ns 


td(0— P2QF) 


Port P2 data output delay time 






300 


ns 


td(?i— R/W) 


R/W signal output delay time 






250 


ns 


^d((*-R/WF) 


R/W signal output delay time 






250 


ns 


td(^— P3 Q) 


Port P3 data output delay time 






200 


ns 


td(<6— P3 QF) 


Port P3 data output delay time 






200 


ns 


td(<*— SYNC) 


SYNC signal output delay time 






250 


ns 


td(0— SYNCF) 


SYNC signal output delay time 






250 


ns 


td(0— pa^) 


Port P3i data output delay time 






200 


ns 


*d(<*— P3TQF) 


Port P3! data output delay time 






200 


ns 



Microprocessor mode (V CC =5V±10%, V S s=0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*— poa) 


Port P0 address output delay time 


Fig.22 






250 


ns 


tdU— pia) 


Port P1 address output delay time 






250 


ns 


tdU— P2Q) 


Port P2 data output delay time 






300 


ns 


td(<A— P2QF) 


Port P2 data output delay time 






300 


ns 


td(?i— R/W) 


R/W signal output delay time 






250 


ns 


tdU-SYNC) 


SYNC signal output delay time . 






250 


ns 
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20 PIN AC CHARACTERISTICS (Vcc=5.0V,V ss =0V,f (X|N )=4MHz ( Ta=25 o C .unless otherwise noted) • 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


t c 


Clock output cycle time 


Fig. 23 




500 




ns 


t w 


Clock output pulse width 


150 






ns 


tr 


Clock rising time 






75 


ns 


tf 


Clock falling time 






50 


ns 



Timing diagram of 2$ 













t 


C 










-«= 


t W 


55* 












/ 


\ 








0. 2V CC 
















I 






\ 


0. 8V CC 




tf 






t 


- <r - 





















Vcc 

jikn _ 




PO 
P1 
P2 
P3 
P4 
<t> 


' I 
jj 00pf 


ilOOpF 








Fig.22 Ports P0—P4 test circuit 



Fig.23 20 test circuit 
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TIMING DIAGRAMS 

In single-chip mode 



f(x, N ) 







tw 






^_ 


tr 




> 











\ 


w 


/ 






4> 




* 






-^- tfj (0-POQ) 






Port PO output 


















ISU (POD-0) 




-«e- 




Port PO input 




/ 






-> 


>< 


<- td (0-piq) 




■<-th ((6-POD) 


Port P1 output 


















tsU (P1D-0) 

-> 

/ 








Port P1 input 






N 


\ 




> 


<- t(j (<4-P2Q) 




<=- th (0-P1D) 


Port P2 output 


' 
















tsu (P2D-(A) 

/ 








Port P2 input 




' 








>< 


<=- *d («5-P3Q) 




"*=" l h U~P2D) 


Port P3 output 


' 
















tsU (P3D-0) 








Port P3 input 




' 












<— td (0-P4Q) 




•^" th (0-P3D) 


Port P4 output 














tsU (P4D-0) 

/ 








Port P4 input 


' 


s 


\ 








*SU (IND-0) 

/ 


<£- th (0-P4D) 


Port IN input 


' 


















,e ~ *h (0-IND) 
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In memory expanding and eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3, output (SYNC) 



Port P3 2 input (RDY) 



/ \ 



x 



- t(j (0-POA) 



y 



t(j ((4-POAF) 

xx= 



tsU (POD- 



- t(j (0-POQ) 



t(j (0-P1A) 



*> 



td (0-P1AF) 

x>cz: 



■td U-piq) 



tsU (P1D-0) - 



X 



"td (0-P2Q) 



yf 



<=■ td C0-P2QF) 

>X~ 



tstl (P2D-0) - 



>: 



"td (0-R/W) 



>£ 



- tsu(RDY-(A) 



-th((*-RDY) 



vf 



" td (^-R/WF) 



xx 



td (0-P3 o Q) 

td (0-sYNCF) -; 



>x 



- td (0-P3,Q) 



■ td (<*-P0QF) 



th U-POD) 
<r td ((*-P1QF) 



- th (0-pid) 



x 



K 



x 



th (<*-P2D) 
*- td (0-P3 o QF) 



" td U-^QF) 
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In microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/w) 



Port P3-, output (SYNC) 



/ \ 



Port P3 2 input (RDY) 



x 



■ t(j ((4-POA) 



>: 



-tcj (0-P1A) 



xrrr^cix 



>: 



-td (0-R/W) 



>: 



" td ((4- SYNC) 



" tsu (RDY-<4) 



X 



■ th(^-RDY) 



/ 



td U-P2Q) 



A 



X 



"*-td U-P2QF) 



- tsu (P2D-<4) 



- t n (0-P2D) 



X 
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MITSUBISHI MICROCOMPUTERS 



M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP, 

M50955-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M50754-XXXSP, M50954-XXXSP and the M50955- 
XXXSP are single-chip microcomputers designed with 
CMOS silicon gate technology. All are housed in a 64-pin 
shrink plastic molded DIP (flat package type also 
available). These single-chip microcomputers are useful for 
business equipment and other consumer applications. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences among the M50754-XXXSP, M50954- 
XXXSP and the M50955-XXXSP are noted below. The fol- 
lowing explanations apply to the M50754-XXXSP. Speci- 
fication variations for other chips are noted accordingly. 



Type name 


ROM size 


RAM size 


M50754-XXXSP 


6144bytes 


160bytes 


M50954-XXXSP 


8192bytes 


192bytes 


M50955-XXXSP 


10240bytes 


192bytes 



The differences between the M50754-XXXSP and the 
M50754-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). And the differ- 
ences between the M50754-XXXFP and the M50754- 
XXXGP are only the package outline. 

DISTINCTIVE FEATURES 

• . Number of basic instructions •••• .-• 69 

• Memory size ROM 6144 bytes (M50754-XXXSP) 

81 92 bytes ( M50954-XXXSP) 
10240 bytes (M50955-XXXSP) 

RAM 160 bytes (M50754-XXXSP) 

1 92 bytes ( M50954-XXXSP, 
M50955-XXXSP) 

• Instruction execution time 

1.9/iS (minimum instructions, at 4.2MHz frequency) 

• Single power supply 4.0~5.5V(atj(X, N )=4.2MHz) 

3.0~5.5V(belowf(X, N ) = 1.0MHz) 

• Power dissipation 

normal operation mode, at 4MHz frequency 15mW 

low speed operation mode, 

at 32kHz frequency for clock function 0.3mW 

• Subroutine nesting ••• 80 levels (max.) (M50754-XXXSP) 

96 levels (max.) (M50954-XXXSP, 
M50955-XXXSP) 

• Interrupt • 7 types, 5 vecters 

• 8-bit timer 3 (2 when used as serial I/O) 

© Programmable I/O (Ports P2, P3, P6) 22 

© Input ports (Port P5 2 ~P5 7 ) 6 

• High-voltage output ports 

(Ports P0, P1.-P4, P5 0l P5J • 26 

• Serial I/O (8-bit) 1 

• PWM function 14-bitXl 

6-bitX2 



PIN CONFIGURATION (TOP VIEW) 


- v cc E 




KJ 




64]->P4o 






P65-E 








M-* P4i 






P6 4 ~E 








m— P4 2 




I/O port P6 


3 6 3 /PWM3«-[7 

3 6 2 /PWM2«-E 

^/PWMI-^H 

P6 /T~[I 








ID — P4 3 
M — P4 4 

U-*P45 
H— P4 6 


High-voltage 
output port P4 




P2 7 ~E 








57]-*P4 7 






P2 6 **E 








H-» P0 






P2 5 *>[l0 








U-^po, 




I/O port P2 


P2 4 ~[TT 
P2 3 .**[ll 
P2 2 -^[l3 








13 — po 2 
U-* po 3 


High-voltage 
output port P0 




P2 1 ^|H 


^ 


^ 


^ 


ID—PO5 






P2 — m 




CD 




CD 




-s] 


50]-*P0 6 






P3 7 /S RDY -116 


en , 




4^ 


U — po 7 






P3 6 /CLK ++]l7 


1 U i 

X ^ x -• 


X 


l-»P1o 






PSs/Sout-^DI 


X 
X 


X 
X 


X 


47| — ♦ P1, 




I/O port P3 


P3 4 /S IN ~[H 
P3 3 -~H 
P3 2 **[1T 

P3T--H 

P3 ~H 


CO 


CO 
"0 


CO 
"O 


U — pi 2 

U-*P1 3 

23 — P14 
I — pi 6 
! — P1 6 


High-voltage 
output port P1 


, . ^JPSs/INTt-E 








41]-h-P1 7 




Input port P5 ^ 
|P5 2 /INT 2 — H 








40]— P5 


High-voltage 


CNVss H 








H—P5, 


output port P5 


Reset input RESET -*■ |27 
Clock input X, N — *► [28 








1-Vp 
37]*-P5 4 


Pull-down 
voltage input 


Clock output Xout^HI 








H .*- P5 5 




Clock input for ' rrr 
clock function * CIN 1= 








1-P5 6 


Input port P5 


Clock output for X C out "~~ Hi 








U*-P5 7 




clock function r— : 
V S s U£ 








33] — >• 6 Timing output 






Oi 


jtline 64P4 


■B 





• Two clock generator circuits (One is for main clock, the 

other is for clock function) 
© Generating function for clock input of EAROM 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 
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PIN CONFIGURATION (TOP VIEW) 




^tOOOOOOOoOrrrrrrrrin 




Q.0.1D.D.Q.O.Q.Q.1Q.ZD.Q.1Q.Q.Q.Q.Q.Q. 




tttttttrttt- 1 1 1 1 1 1 1 1 1 






l^lssPfliS^ 






P4 4 *-l 




m— ps. 


P4 3 -l 


O 


1 — Vp 




P4 2 —[6C 


E<-P5 4 




P4, <-\£ 


33]-P5 5 




P4 — 01 




E+- P5 6 




V cc IE 


M50754-XXXFP 


3T]«- P5 7 




Vcc H 


or 


1]-" 




V ss H 




m V ss 




P6 5 ~[j| 


M50954-XXXFP 


ID ""** XcOUT 




P6 4 **[E 


or 


E — Xcin 




P6 3 /PWM3 <- H 
P6 2 /PWM2 ** [E 


M50955-XXXFP 

O O 


ID NC 
ID—XouT 




P6,/PWM1 ♦*[!£ 


13 — x, N 




p6 /t -«- d 




E NC 




nc n; 




1] «- RESET 






LiliisjiiJisMTi^^ 




minii nutiitft 




Mr-tOini-COCN^ Ofll >" V hZflNrOrNU 




WCVJCVJCVJCVJWCNJCMCVJi^Q-^ :3,£cOCOCOCOf-l- w 
>O.O.O.O.O.O.O.Q_Z 0:7^ O^ 0. 0. 0. Q. z Z > 

IwO co> c^z 




co co co Q- m in ^ 




0. Q- Q. 0. Q. 




Outline 72P6 




<DN.OT-«M«'*m(or>-o»-cMn^-u><or^p 




'^■M-OOOOOOOO'r-T-T-T-T-T-r-T-ip 




O.Q.O.Q.Q.Q.Q.Q.O.O.Q.O.O.O.Q.Q.O.O.Q- 




t- t t t t t t t t t t t t t t t t t t 






[iTlfi^iraMi^rararai^raRTirafiilliili^lfiilfiilf^lfiil 


" 




P4 5 -[52 




I]— P5 1 


P4 4 ^[H 


M50754-XXXGP 


E]-Vp 




P4 3 <- Hi 


U— P5 4 




P4 2 -d 


IH-P55 




p^-tM 


or 


1]— P5 6 




P4 -[l 
V cc H 


M50954-XXXGP 


v\+-P5 7 

26] — 




P6 5 ~(I 


or 


H V ss 




P6 4 **[60 


M50955-XXXGP 


H]-^X C ouT 




P63/PWM3 ** [ST 


O O 


U^Xcin . 




P6 2 /PWM 2 +* d 


H]— X OU T 




fVPWM^GJl 




HJ«-x IN 




P6 /T -* [64 




20] «- RESET 




1 


illiimiiJIiJliJizJLijiiJiiojinjyyHNIiBjlizJNH 




M M M M U It II M t t 




NiDin^nw>-o|>V l-Zcoc\j^Oi-cgw 




CMCMCMCMCVJCMCMCVIQ 26 : 3,£cOCOCOCOt-h- W 




0.0.0.0.0.0.0.0.0:^ O <0 Q_ S. 0. Q. 7 7 > 

Iw co > £ ± 2 




co cp co "• mm 




0. 0. q: a 0. 




Outline 64P6W 




— 


NC " No connection 
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M50754-XXXSP BLOCK DIAGRAM 

Clock output Clock output for clock function 

Clock Input clock input for clock function 

Timing 

X|N X UT X C |N XcOUT <f> OUtpUt 

-@h : 



I @ ® — ®- 

I T T 



T 



Pull-down Voltage. 
Reset input input (57) (Ov) (OV) 
RESET V P v cc . V ss CNV SS 

-@b — @l) ©- — @ ®— 



Clock 

generating 

circuit 



TV 



Address bus 




mi 



7S 



Program 




Program 


counter 




counter 


PC H (8) 




PC L (8) 



ROM 
6144byte 
(Note 2) 



8-bit 

Arithemetic 

and logic 

unit 



H 



Accumulator 

A(8) 



H 



1. 



Processor 




Index 




Index 


status 
register PS (8) 




register 

X(8) 




register 

Y(8) 



Stack pointer 

S(8) 



ir^ t 



12 



P0(8) 



7T 



PI (8) 



IE 



7Y 



SI/0(8) 



<Z. 



A l\l\l~\ 



►6X5iK54)<^XB^XrD^5X^9>— — &8»2X^€)<^5X^4)^3X42>^Tr) 0&XL^>33XU>liXLoX9Xs 



SoUT 



Srdy 
CLK 



V V 



±z. 



P3(8) 

FTTTTTTT 



ZxL 



P4(8) 



®®@®(^) @@©(6lXg)^(57) <&&&&&&&& 



c 



[Timer count source selection circuit | 



Timer 2 T2(8) 



-V 



JL 



*) Timer3T3(8) 



Instruction 
register 

(8) 



H 



Instruction 
decoder 



Control signal 



Timer 1 T1(8) 



int 2 INT, 



~Z\ 



Timer 

output 

switching 

circuit 



^2. 



P5(8) 

mrn 



2 



P6(6) 



'MMr 1 



-^xl©©®©- 



PWM circuit 



High-voltage output port PO High-voltage output port P1 I/O port P2 

Note 1 ! M50954-XXXSP and M50955-XXXSP have 192-byte RAM. 
2: M50954-XXXSPhas8192-byte ROM. 
M50955-XXXSP has 10240-byte ROM. 



I/O port P3 



Output port P4 



Output and input port 
(a part of high-voltage port) 



I/O port P6 





2 




en 




O 




*j 




en 




* 




X 




X 




X 




(0 




■0 




\ 


tfl 


■n 


z 


■0 





\ 


r 

m 

■ 









22 




00 | 


00 

• 


n 


<0<0 5! 


H 


OlOl c 


O 


tn*. 2 


2 


• « » 





XX £ 


</> 


XX s 


3 


XX 1 





</»</> 3 


30 




5^ s 





^^ 





■n-n s 


2 

■0 
c 

H 


PUTE 

P/G 
P/G 


m 

50 


■*;* s 



M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP, 

M50955-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50754-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1.9/us (minimum instructions, at 4. 2MHz frequency) 


Clock frequency 


4.2MHz 


Memory size 


ROM 


6144bytes (8192bytes for M50954-XXXSP, 10240 bytes for M50955-XXXSP) 


RAM 


160bytes (192bytes for M50954-XXXSP and M50955-XXXSP) 


Input/Output ports 


PO, P1, P4 


Output 


8-bitX3 (High voltage P-channel open drain; V CC -38V) 


P2. P3 


I/O 


8-bitX2 (P3 can partially be used as both serial I/O and normal I/O.) 


P5 , P5i 


Output 


2-BitX1 (High voltage P-channel open drain; V C c _ 38V) 


P5 2 , P5 3 


Input 


2-bitX1 (Can be used as an input for either INT 2 or INT,.) 


P5 4 ~P5 7 


I Input 


4-bitX1 


P6 


I/O 


6-bitX 1 (Can be used as 7^ output or PWM output.) 


Serial I/O 


8-bitXl 


Timers 


8-bit timerX3 (X2, when used as serial input/output) 


Subroutine nesting 


80levels (max) (96 levels for M50954-XXXSP and M50955-XXXSP) 


Interrupt 


Two external interrupts, three internal timer interrupts 
(or timerX2, serial input/outputX1 ) 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


atf(X, N )=4.2MHz 


4. 0-5. 5V 


below f(X, N ) = 1.0MHz 


3.0-5.5V 


Power dissipation 


at high-speed operation 


15mW (clock frequency X| N =4kHz) 


at low-speed operation 


0. 3mW (clock frequency X C | N =32kHz) 


at stop mode 


5/uA (when clock is stopped) 


Input/Output characteristics 


Input/Output voltage 


12V (Input/Output P2, P3, P5 2 ~P5 7 ) 


V CC -38V (PO, P1, P4, P5 , P5,) 


-0. 3V~ Vcc+0. 3V ( Input/Output P6) 


Output current 


10mA (P2, P3 : Nch open drain) 


—18mA (P0, P1 : high voltage P-ch open drain) 


—12mA (P4, P5 , P5, : high voltage P-ch open drain) 


0.5 0.5mA (P6 : CMOS tri-states) 


Memory expansion 


Possibe 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50754-XXXSP/M50954-XXXSP/M50955-XXXSP 


64-pin shrink plastic molded DIP 


M50754-XXXFP/M50954-XXXFP/M50955-XXXFP 


72-pin plastic molded QFP 


M50754-XXXGP/M50954-XXXGP/M50955-XXXGP 


64-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 4.0-5.5V at f(X, N ) = 4.2MHz and 3.0-5.5V below f(X, N ) = 1.0MHz to V cc , and 0V to 
Vss- 


CNVss 


CNVss 




This is usually connected to Vss- 


v P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports PO, P1, P4, P5o and P5i. 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2,us (under normal V C c 

conditions). 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 

required time. 


RESET 


X| N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xi N and Xout pins. If an external clock is used, the clock 
source should be connected the X| N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


4> 


Timing output 


Output 


This is the timing output pin. 


XciN 


Clock input for clock 
function 


Input 


This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xcin and X C out pins. If an exter- 
nal clock is used, the clock source should be connected to the X C in pin and the X C out pin should be left 
open. This clock can be used as the program controlled system clock. 


XcOUT 


Clock output for 
clock function 


Output 


P0 ~P0 7 


Output port PO 


Output 


Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built in between the V P pin and this port. 
At reset, this port is set to a "L" level. 


P1 ~P1 7 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port PO. 


P2 p ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P2. When serial I/O is used, P3 7 , 
P36, P35, and P3 4 work as S RD y. CLK, Sout. and S| N pins, respectively. 


P4 ~P4 7 


Output port P4 


Output 


Port P4 is an 8-bit output port and has basically the same functions as port PO. 


P5 , P5! 


Output port P5 


Output 


Bit and 1 of port P5 are 2-bit output port and has basically the same functions as port PO. 


P5 2 /INT 2 
P5 3 /INT n 


Input port P5 


Input 


Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs. 


P5 4 ~P5 7 


Input 


Bit 4~7 of port P5 are 4-bit input port. 


P6 ~P6 7 


I/O port P6 


I/O 


Port P6 is a 6-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS tri-state output. P6 0l P6L P62, P63 can be programmed to 
function as timer output pin (T) , PWM output pins (PWMl PWM 2 , and PWM 3 ), respectively. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50754-XXXSP is shown in Figure 

1. Addresses E800 16 to FFFF 16 are assigned to the built-in 

ROM area which consists of 6144 bytes. 

Addresses E000 16 to FFFF 16 are the ROM address area 

assigned to the M50954-XXXSP. 

Addresses D800 16 to FFFF 16 are the ROM address area 

assigned to the M50955-XXXSP. 

Addresses FF00 16 to FFFF 16 are a special address area 

(special page). By using the special page addressing 

mode of the JSR instruction, subroutines addressed on this 

page can be called with only 2 bytes. Addreeses FFF4 16 to 



FFFF 16 are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods.will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 009F 16 are assigned to the built-in 
RAM, and consist of 160 bytes of static RAM. Addresses 
0000 16 to 00BF 16 are the RAM address area assigned to the 
M50954-XXXSP and M50955-XXXSP. In addition to data 
storage, this RAM is used for the stack during subroutine 
calls and interrupts. 



Decimal 



Zero page 



RAM 
(192 bytes) 

for 
M50954-XXXSP 
M50955-XXXSP 



RAM 

(160 bytes) 

for 

M50754-XXXSP 



ROM 

(10240 bytes)' 

for 

M50955 

-XXXSP 



ROM 

(8192 bytes) 

for 

M50954 

-XXXSP 



ROM 
(6144 bytes) 

for 
M50754-XXXSP 



0000 1£ 



009F 16 
00BF 16 



00E0 1( 
00FF 1( 

D800 16 
E000 1( 

E800t 



( FF00 1( 



Special 
page for 

subroutine 
call 



FFF4 16 



FFFF 16 







/ 
/ 
/ 
/ 
159 / 
/ 
/ 
/ 
/ 

255 

\ 

\ . 
\ 
\ 
\ 

\ 
\ 
\ 

\ 

\ 

\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

INT 2 
S I/O or Timer 1 
Timer 2 
Timer 3 
INT n 


/ 00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
\ 00FA 16 
\ 00FB 16 
\ 00FC 16 
\ 00FD 16 
\ 00FE 16 
\ 00FF 1G 


Port P0 




Port PI 




Not used 


Port P2 


Port P? dir ectional 
register 








Port P3 


Not used 


Pnrt dt directional 
Horl ™ register 


Port P4 




Port P5 




Port P6 




Port PR directional 
Port Kb register 


PWM1-H register 


PWM1 -L register 


PWM2 register 


PWM3 register 






PWM output mode register 


Serial I/O mode register 


Serial I/O register 






Address L 
Address H 


Timer 1 


Address L 
Address H 




Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer 3 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 


RESET 



65535 



L 



Fig.l Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 

INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 



7 





A 


7 





X 


7 





Y 


7 





• S 



15 7 


PC H 


pc l 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

- Carry flag 
-Zero flag 

-Interrupt. disable flag 
-Decimal mode flag 
-Break flag 
-Index X mode flag 
-Overflow flag 
-Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The contents of the stack pointer is XX 16 , the stack address 
is set to 00XX 16 . When using this microcomputer in the 
single-chip mode, the stack pointer should be set at the 
bottom address of the internal RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents, of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 



Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16 , FFFE 16 


IN-^ 


2 


FFFD 16 , FFFC 16 


Timer 3 


3 


FFFB 16 , FFFA 16 


Timer 2 


4 


FFF9 16( FFF8 16 


Timer 1 or serial I/O 


5 


FFF7 16l FFF6 16 


INT 2 (BRK) 


6 


FFF5 16 , FFF4 16 



INTERRUPT 

The M50754-XXXSP can be interrupted from seven souces; 
INT 1f timer 3, timer 2, timer 1 /serial I/O, or INT 2 /BRK in- 
struction. 

The value of bit 2 of the serial I/O mode register (address 
00F6 16 ) determine whether the interrupt is from timer 1 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
1, and when bit 2 is "1" the interrupt is from serial I/O. Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag I is set 
to "1". All of the other interrupts can further be controlled 
individually via the interrupt control register shown in Figure 
3. An interrupt is accepted when the interrupt enable bit 
and the interrupt request bit are both "1" and the interrupt 
disable flag is "0". 



Interrupt request 



rd= 



O 



t¥ 



mest I — Intprrnnt riisahlp 



Interrupt disable flag I 



1 — Reset 



7 



Interrupt control register (Address 00FE 16 ) 
Bit 7: INT pin interrupt request bit 
Bit 6: INT, pin interrupt enable bit 
Bit 5: Timer 2 interrupt request bit 
Bit 4: Timer 2 interrupt enable bit 
Bit 3: Timer 1 interrupt or serial input/output interrupt 

request bit 
Bit 2: Timer 1 interrupt or serial input/output interrupt 

enable bit 
Bit 1 : INT 2 pin interrupt request bit 
BitO: INT 2 pin interrupt enable bit 

Timer control register (Address 00FF 16 ) 
Bit 7: Timer 3 interrupt request bit 
Bit 6: Timer 3 interrupt enable bit 
Bit 5: Timer 2 count stop bit 
Bit 4: Timer 3 count source selection bit 
Bit 3: Timer 2 count source selection bit 
6it 2: Timer 1 count source selection bit 

Bit 1 : 1 

F 
BitO: J 



Processor mode bits 



Fig.3 Interrupt control 
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The interrupt request bits are set when the following condi- 
tions occur: 

(1) When the level of pins INTt and INT 2 change. 

(2) When the contents of timer 3, timer 2, timer 1 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but can not 
be set by the progream. However, the interrupt enable bit 
can be set and reset by the program. 
The change in level at which the INT pins generate a inter- 
rupt varies according to the content of bits 4 and 5 of the 
PWM output mode register (address 00F5 16 ). When these 
bits are "0", the interrupt request is generated when INT 
changes from high-level to low-level. When these bits are 
"1", the interrupt request is generated when INT changes 
from low-level to high-level. Bits 4 (PM 4 ) and 5 (PM 5 ) cor- 
respond to INTi and INT 2 respectively. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 

TIMER 

The M50754-XXXSP has three timers; timer 1, timer 2, and 
timer 3. Since P3 (in serial I/O mode) and timer 1 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section) . The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address 00FF 16 ), as shown in Figure 
5. 

A block diagram of timer 1 through 3 is shown in Figure 4. 
All of the timers are down count timers and have 8-bit 
latchs. When a timer counter reaches "0", the contents of 
the reload latch are loaded into the timer at the next clock 
pulse. The division ratio of the timers is 1/(n+1), where n 
is the contents of the timer latch. 

The timer interrupt request bit is set to "1" at the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16) respectively (see interrupt section). The starting/ 
stopping of timer 2 can be controlled by bit 5 of the timer 
control register. If bit 5 (address 00FF 16 ) is "0", the timer 
starts counting and when bit 5 is "1", the timer stops. 
When the STP instruction is executed, or after reset, the 
timer 2 and timer 3 latch are set to FF 16 and 07 16 , respec- 
tively. 

After a STP instruction is executed, timer 2, timer 3, and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if the timer 3 interrupt request bit is 
set to "1", or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 2 
count stop bit) and bit 4 of the interrupt control register 
(timer 2 interrupt enable bit) must be set to "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 



J Timer control register (Address 00FF 16 ) 



Processor mode bits 

00 : Single-chip mode 

01 ." Memory expanding mode 

10 i Microprocessor mode 

11 '. Eva-chip mode 

Timer 1 count source selection bit 

11/4 timing <f> 

1 : Timer 3 overflow signal 

Timer 2 count source selection bit 

: 1/4 timing <t> 

1 '. Clock for the clock function (X C i' N ) 

Timer 3 count source selection bit 

'■ Timer 2 overflow signal 

1 : Clock for the clock function (X aN ) 

Timer 2 count stop bit 

: Count start 

1 : Count stop 

Timer 3 interrupt enable bit 

'. Interrupt disable 

1 : Interrupt enable 

Timer 3 interrupt request bit. 

: No interrupt request 

1 : Interrupt request 



Fig.4 Structure of timer control register 
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o- 

XciN 



1/4 



Internal clock - 
( Normally 1/4 X IN ) 



P6o/tO" 



P6 latch 

4. 



SM 4 



PiO 



£Z 



Timer 2 latch (8) 



vjyf\ ^ dd ' 



\< r- 



rimer2(8) 
(Address 00FC 16 ) 



jL_ 



Timer 3 latch (8) 



TM 4 



v r 



Timer3(8) 
(Address 00FDi 6 ) 



X~i 



07 16 



( a 



Timer 1 latch (8) 



TM 2 



} 1 



Timer 1(8) 
(Address 00FA 16 ) 

— C~i 



1/2 



SMl SM 

00, 01 : External clock 
V 10 : 1/2 timer 1,11 : 1/4* 

< K_^r 



dt 



Sync, circuit 



SM, SM ; 

SquT 



P3 5 (> 



OUT ^1 



%o 



Sin 



P3,(> 



SrdyL<| 



Serial input/ output 
counter (3) 



Serial input/output 
register (8) 

I 



LSB 



<3 



Reset 

STP instruction 



. to timer 2 interrupt request bit 



. to timer 3 interrupt request bit 



SM 2 



^ to timer 1 or serial I/O interrupt 
request bit 



TM 
SM 
PM 



Timer control register (Address 00FF 16 ) 
Serial I/O mode register (Address 00F6 16 ) 
PWM output mode register (Address 00F5 16 ) 

■*fN- Selection gate : Connected to black 
| colored side at reset. 



Fig.5 Block diagram of timer 1, timer 2, timer 3 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 6. 
In the serial I/O mode the receive raady signal (S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout, S| N ) are used as P3 7) P3 6) P3 5 , and P3 4l respectively. 
The serial I/O mode register (address 00F6 16 ) is 8-bit reg- 
ister. Bits 1 and of this register is used to select a syn- 
chronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10], the overflow sig- 
nal from timer 1, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11] , timing <j> divided by 
4, becomes the clock. 



Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a "1", P3 6 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P3 6 
and P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 1. Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal (bit 3=1, S RDY ) or used as normal I/O pin 



Timing Divider 



<*0~ <* ~ 1/4 



"fcO- 552 -^ 



P3s(> 



P3 5 Q 



SquT 



■o 



Sin 



^ 







t. 



from 1 /4 timing <p 
or timer 3 
Divider 



Timer 1(8) 




1/2 



(Address 00FA 16 ) 



Serial I/O counter (3) 



Transmission clock 



MSB Serial I/O register (8) LSB 

(Address 00F7 16 ) 1"> ~ 

Data bus 



l) 




to timer 1 or 
serial I/O 
interrupt request bit 



Serial I/O mode register (Address 00F6 16 ) 
lower 4 bits 



Sync, clock selection bit 

External clock 
01 :' 

10 '. 1/2 timer 1 frequency 

11 ."1/4 timing <f> 



Serial I/O port selection bit (P3 5 , P3 6 ) 

: Parallel port 

1 '. Serial input/output port 

Srdy signal output selection bit (P3 7 ) 

: Parallel port 

1 : Sr D y signal output pin 



Flg.6 Block diagram of serial I/O 
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(bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal clock— The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RD y signal becomes low signaling that the 
M50754-XXXSP is ready to receive the external serial data. 
The Sr D y signal goes "H" at the next falling edge of the 
transfer clock. The serial I/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P3 5 . During the 
rising edge of this clock, data can be input from P3 4 and 



the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External clock— If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 7. An example of communication between 
two M50754-XXXSPs is shown in Figure 8. 



synced njn_ri_n_JiJiJ\j~LJi_jnj~iJT_n_ri 

~~ LTTJlJaJTJ~LnJl_r~~ " 



Transmission clock 



Serial I/O register 
Write signal - 

Serial I/O output S ut- 
output S UT 

Serial I/O input S, N ,- 
input S| N 

Receivable signal 
Srdy 



R 



xo^dsxxjckxkxeie: 



DOOCXDCDCDCDCI 



i_r 



Interrupt request bit set 



Fig.7 Serial I/O timing 





Sending side 


P3 7 


Srdy 


P3 7 


Receiving side 






Serial I/O mode register 


Serial I/O mode register 






Bit 3 BitO 




P3 6 


Sync clock 


P3 6 




Bit 3 BitO 
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Fig.8 Example of serial I/O connection 
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PWM OUTPUT CIRCUIT 

(1) Introduction 

The M50754-XXXSP is equipped with one 14-bit and 
two 6-bit PWMs. The 14-bit resolution gives PWM1 the 
minimum resolution bit width of 500ns (for X, N = 4MHz) 
and a repeat period of 8192/^s. PWM2 and PWM3 have 
a 6-bit resolution with minimum resolution bit width of 
16/iS and repeat period of 1024^s. 
Block diagram of the PWM is shown in Figure 9. 
The PWM timing generator section applies individual 
control signals to PWM 1~3, using clock input X, N di- 
vided by 2 as a reference signal. 

(2) Data setting 

The output pins PWM1, PWM2 and PWM3 are in com- 
mon with pins P6 1f P6 2 and P6 3 of port P6 (i.e. for PWM 
output, PM1 — PM3 of the PWM control register and the 
P6 directional register D6 1 ~D6 3 should be set). When 
PWM1 is used for output, first set the higher 8-bit of 
the PWM1-H register (address 00F0 16 ), then the lower 
6-bit of the PWM1-L register (address 00F1 16 ). When 
either PWM2 or PWM3 is used for output, set the 6-bit 
in the PWM2 (address 00F2 16 ) or PWM3 (address 
00F3 16 ) register, respectively. Note that the higher 2 
bits of these 8-bit registers are ignored when used 6- 
bit register. 

(3) Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data at addresses 
00F0 16 ~ 00F3 16 is read, data in these latches has 
already been read allowing the data output by the 
PWM to be confirmed. When the 6-bit latch is being 
read, the upper 2 bits of the register becomes unde- 
fined. However, bit 7 of the PWM1-L register indicated 
the completion of the data transfer from the PWM1 reg- 
ister to the PWM1 latch. If bit 7 is "0", the transfer has 
been completed, if bit 7 is "1", the transfer has not yet 
begun. 

(4) Operation of the 6-bit PWMs 

The timing diagram of the two 6-bit PWMs (PWM2 and 
PWM3) is shown in Figure 10. One period (T) is com- 
posed of 64 (2 6 ) segments. 

There are six different pulse types configured from bits 
0—5 representing the significance of oach bit. These 
are output within one period in the circuit internal sec- 
tion. Refer to Figure 10(a). 

Six different pulses can be output from the PWM. 
These can be selected by bits through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5~0 



is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 10(b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, 
i.e. 64/64. 

(5) 14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 11. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N times t is output ev- 
ery short area of t= 256 r =128/is as determined by 
data N of the higher 8 bits. (Refer to PWM output ® in 
the lower part of Figure 11.) 

Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus r . As a result, 
the short-area period t (= 128/zs, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 

At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 



Table 2 Relation between the 6 lower-order bits 

of data and the space set by the ADD bit 



6 lower-order bits of data 


Area longer by T than that of other t m (m = ~63) 


o o o o o L 6 B 


Nothing 


1 


m=32 


10 


m=16,48 


10 


m= 8, 24, 40, 56 


10 


m= 4, 12, 20, 28, 36, 42, 50, 58 


10 


m = 2 , 6 , 1 0, 1 4, 1 8, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 


m=1, 3, 5, 7, 57,59,61,63 
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Register 



PWM1-H 
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\ when write / |bit7|| bit5 



(Address 00F0 16 ) \( 
Register!^" 



bitO 



bitO 



PWM1 latch (14-bit) \t 



■CE 



LSB 



~6- 



Selection gate: connected to black 
colored side when 
reset. 

Pass gate 



14-bit PWM circuit 



U(4MHz) 



1/2 



(2MHz) 




PWM1 



Timing generator 
for PWM 



PMO 



(8192/us period) 



P6, D6, 

□ □ 



-&-■ 






reypwMi 

H3 



6-bit PWM circuit — ' 



PWM2 
(Address 00F2 16 ) 



register 



PWM2 latch 

(6 bit) 



LSB 



(]02A/us period) 



PWM2 



P6 2 JJ^ 



6-bit PWM circuit 



IMSB 



PM2 



PWM3 



T>4 



P6 2 /PWM2 

f-o 



vsy^ 



PWM3 latch 

(6-bit) 



PM3 rl /]! 



bits 










bitO 



PWM3 
register (Address 00F3 16 ) 



..t^ 



P6 3 /PWM3 

a ° 



Vo 



777 



P6 3 D6 3 



Data bus 



PM : PWM output mode register (Address 00F5 16 ) 
D6 : Port P6 directional register (Address 00EF 16 ) 
P6 : Port P6 register (Address 00EE 16 ) 



Fig.9 Bloock diagram of the PWM circuit 
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Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bin! 
BitO 

Contents 
of the latch 

When00 16 " 
When 01 16 



12 3 4 5 6 7 8 12 16 20 24 28 32 36 40 44 48 52 56 60 63 

UWLJlJlJUlJWmJWLJL^^ 



When18 16 
(24) 

When28 16 
(40) 

When3B 16 

(59) 

When3F 16 " 
(63) 



JL 



Jl 



Jl 



JL 



JL 



Jl 



JL 



JL 



JL 



JL 



JL 



JL 



JL 



JL 



JL 



(a) Pulses showing the weight of each bit 



JL 



__jLTLa_JULrLJLrLrLji^^ 
ju~LJLJirwiriJLrLj - L^^ 

u ~~ 



j 



it 



"IT 



J 



T=64t 



When output is lower 6 bits of PWM1 t=128^s 1 = 8192^5 

When output is PWM2 and PWM3 " t= 16//S T=1024//s 
When f (X|N )=4MHz 

(b) Example of 6-bit PWM output 



IT 



Fig. 10 6-bit PWM timing diagram 



MITSUBISHI 
l ELECTRIC 



2-243 



MITSUBISHI MICROCOMPUTERS 



M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP, 

M50955-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



Data in address 00F0 16 is #6A 16 



Data in address 00F0 16 is #7B 16 



PWM1-H 



register 



PWM1-L 

register 



PWM1 latch 

(14 bit) 



59i 6 



6A 16 



A 



Data in address 00F1 16 is #24 16 



13ie 



A4 1( 



•\ 



. Bit 7 reset after transfer 



TT 



24 1( 



Register to latch tranfer 



B5 1( 



-7 



1653 16 



1AA4 16 



1AA4 16 



7B ie 



Data in addressQQF1 16 is #35 16 



j 35 16 



Register to latch tranfer 



1EF5 16 



_ \ — When bit 6 of PWM1-L is "0" register 

T-8192//S ^J to , atch transfer will not occur. 



(64X128^s) 
t= 128/^s 



6B 6A 6B 6A 6B 6B 6B 6A 6B 



6A 



6B 6A 



™~. } JinjiAJui^^ jifumriJijirLr 

lower 6 bits r-^-J i 1 i i i 1 i— i 

0Ut P ut J 5 j 5 | | 5 | 3 | 5 j I 5 I 
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PWM1 output 
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(When H:6A 16l 
L:18 16 ) 



6B 6A 6B 6B 6B 6A 6B 6A 6B 6A 6B 6B 6B 6A 
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6A 6B 6A 6B 6A 6B 
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JTUTLR 
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Minimum bit resolution width 
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ADD 



l-blt counter i 02 I 01 ' 00 



/ 



High/low-level of the ADD 
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the data contained in 
the lower 6 bit. 
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Fig. 11 14-bit PWM timing diagram 
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PWM output mode register 
(Address 00F5 16 ) 

PWM1, PWM2, PWM3 count source 
selection bit 

: Supply 

1 : Stop 

■ P6^/P\NM^ output selection bit 

: Parallel port 

1 : PWM! output 

• P6 2 /PWM 2 output selection bit 

: Parallel port 

1 : PWM 2 output 

- P63/PWM3 output selection bit 

: Parallel port 

1 I PWM 3 output 

- INTt input reverse bit 

: INT (leading-edge interrupt request) 

1 : INT (trailing-edge interrupt request) 

- INT 2 input reverse bit 

'. INT (leading-edge interrupt request) 

1 : INT (trailing-edge interrupt request) 

"P60/T! output selection decision bit 
(reading only) 

: Parallel port 

1 : Output is 1 /2 that of timer 1 



Serial I/O mode register 
(Address 00F6 16 ) 

Sync clock selection bit 
00/01 ". External clock 

10 : 1/2timer1 

11 .'1/4 internal clock <f> 

1/16 of the X| N oscillation frequency 
during normal operation. 
1/8 of the Xcin oscillation frequency 
during low speed operation 

-Serial I/O port selection bit 
(P3 5 , P3 6 ) 

: Parallel port 

1 : Serial I/O port 

"Srdy signal output selection bit (P3 7 ) 

'. Parallel port 

1 • S R dy signal output pin 

-P6 /Ti output selection bit 

: Parallel port 

1 : Output is 1/2 timer 1 

-P6 /Ti output function selection bit 

'. Sync, mode 

(EAROM clock input signal generation 

1 '. Asynchronous mode 

-Clock (X|n— X ut) stop bit 

: Oscillate 

1 : Stop 

-Internal system clock generation selection 

: X )N — Xqut selection (normal mode) 

1 : X C in — Xcout selection 

(low-speed mode) _^^ 



Fig. 12 Structure of PWM output mode register 



Fig. 13 Structure of serial I/O mode register 
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Fig. 14 P6 /T switching timing diagram 
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PORT P6 /TIMER 1 OUTPUT 

Bit of port P6 outputs 1/2 the frequency of timer 1 when 
00F6 16 bit 4 of the serial I/O mode register (address 
00F6 16 ) is changed. The output switching can be accom- 
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SM 5 ) of the serial I/O mode register. 
When SM 5 is set to "0" the synchronous mode is set. In 
such a case, after SM 4 has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 
the value of bit 6 (PM 6 ) of the PWM output mode register. 



From the time that the contents of SM 4 was changed to the 
point where switching completes, the contents of neither 
SM 4 nor P6 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during swiching. Figure 14 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 
When SM 5 is set to "1", the asynchronous mode is set. In 
this case, the output switching occurs directly after SM 4 has 
been changed. Figure 14 (b) gives an example of timing in 
the asynchronous mode. 



JUllL— 



_[ 



Internal RESET. 



SYNC 
Address 

Data 



n-ifimififir 



J — L 




8 — 1 2 clock cycles 



Reset address retrieved 
from the vector table 



Note 1 : The relationship of frequency between f( X|N ) and <f> is normally 
f(x IN )=4 • <t>. 
2 '. A question mark (?) means that the address is changeable 
depending on the previous state. 



Fig. 15 Timing diagram at reset 
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RESET CIRCUIT 

The M50754-XXXSP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address when the RESET pin is held at "L" level 
for more than 2/us while the power voltage is in the recom- 



mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 16. 
An example of the reset circuit is shown in Figure 17. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X, n -X ut becomes stable. 



(1) PortO register 

(2) Portl register 



Address 

( P ) ( E 16 ) • 

(P 1 ) (E2J- 



(3) Port P2 directional ( D 2 ) ( E 5 16 ) • 
register 

(4) Port P3 directional ( D 3 ) ( E 9 16 ) • 
register 

(5) Port 4 register . (P 4) (E A 16 ) • 



(6) Port 5 register 



(P5) (EC 16 )- 



(7) Port P6 directional ( D 6 ) ( E F 16 ) ■ 
register 

(8) PWM output mode ( P M ) (F5 16 )- 
register 



(9) Serial I/O mode 
register 



(10) Timer 2 

(11) Timer 3 



(SM).(F 6 16 ) ■ 

(T2) (FC 16 )- 
(T3) (FD ie )- 
( I M) (FE 16 )' 



(12) Interrupt cotrol 
register 

(13) Timer control register ( T M ) ( F F 16 ) • 



(14) Processor status register 
(only the interrupt disable 

flag is set.) 

(15) Program counter 



(PS )• 

(PC H )- 
(PCJ- 



0, 



oo 16 



o o 16 



o o 16 



0i 



16 



o o 16 



FF 1 



7 16 



16 



16 



Contents of 
address FFFF16 



Contents of 
address FFFE16 



Since the contens of both registers other than those listed above 

(including timer 1 and the serial I/O registers) and the RAM are un- 
defined at reset, it is necessary to set initial values. 



Fig. 16 Internal state of the microcomputer at reset 
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I vw 


1 


i- W 





ov- 



ov- 
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RESET 



27 



- Power on 



-4.0V 



-0.6V 




Supply voltage 
detection circuit 



Fig. 17 Example of reset circuit 
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I/O PORTS 

(1 ) Port PO 

Port PO is an 8-bit output port with high-breakdown vol- 
tage p-channel open-drain outputs featuring a break- 
down voltage of V CC -36V. Each pin contains a pull- 
down resistor making V P a negative power source. As 
shown in the memory map in Figure 1, port PO is used 
on the zero page at address 00E0 16 in memory. 
Depending on the content of the processor mode bit 
(bjts and 1 of address 00FF 16 ) , four modes can be 
selected, single-chip mode, memory expanding mode, 
microprocessor mode, memory expanding mode, mic- 
roprocessor mode, and eva-chip mode. Modes other 
than the single-chip mode also have functions as 
address output pins besides their original functions. For 
details, refer to the section on the processor mode. 

(2) Port P1 

Port P1 has the same functions as port PO in the single- 
chip mode. In modes other than the single-chip mode, 
functions vary slightly. For details, see the section on 
the processor mode. 

(3) Port P2 

Port P2 is an 8-bit I/O port with N-channel open drain 
outputs As shown in Figure 1, port P2 is used at 
address 00E4 16 in the memory. 

Port P2 has a data direction register (address 00E5 16 
on zero page) and programming can be undertaken for 
an individual bit to use the port for input or output. The 
pins where the data direction register is programmed 
to "1" are for output and those where the register is 
programmed to "0" are for input. 

The data written into the pin programmed as an output 
pin are written into the port latch and supplied directly 
to the output pin. When reading the data from a pin 
programmed as an output pin, it is not the output pin 
contents which are read but the port latch contents. 
Consequently, since an LED or other similar part is 
driven directly, the value output previously can be read 
correctly even if the low-level output voltage goes high. 
The pin programmed as an input pin remains floating, 
so external signals can be read. When data is written, 
it is written into the port latch only and the pin remains 
floating. 

This port has the same functions as port PO except for 
tho single-chip mode. For details, see the section on 
the processor mode. 

(4) PortP3 

Apart from the fact that part of the pins are also used 
as serial input/output pins, its functions are the same 
as those of port P2 in the single-chip mode. This port 
has the same functions as port PO except in the single- 
chip mode. For details, see the section on the proces- 
sor mode. 



(5) Port P4 

Port P4 has the same functions as port PO in the single- 
chip mode. The functions of this port do not change re- 
gardless of though the processor mode. 

(6) Port P5 

Bits and 1 of port P5 have the same functions as port 
P4. 

Bits 2 and 3 are exclusively used as inputs for mutual 
use as interrupt inputs. These pins feature hysteresis 
characteristics. These pins can also be used for fetch- 
ing inputs even when being used as interrupt inputs. 
The interrupt request bits (bit 7 and 1 of address 
00FE 16 =INT 1 and INT 2 , respectively) are set to "1" 
when the inputs of ports P5 3 (INT-,) and P5 2 (INT 2 ) 
change. Depending on the contents of bits 4 and 5 of 
the PWM output mode register PM (address 00F5 16 ) , 
either a raising-edge interrupt or a falling-edge inter- 
rupt may be selected as the interrupt source. (Refer to 
Figure 12.) 

Since, interrupt input and normal input ports are used 
together in the M50754-XXXSP, unwanted noise may 
mistakenly cause interrupts. This problem can be over- 
come by programming. 

When changing either bit 4 (PM 4 ) or bit 5 (PM 5 ) of the 
PWM output mode register, it is necessary for the in- 
terrupt request enable bit (either bit 6 or of address 
00FE 16 ) to be set to the interrupt disable condition 
("0"). If this is not done, an interrupt will be generated 
when either PM 4 or PM 5 is changed. 
Bits 4 through 7 of port P5 is a 4-bit input port. 

(7) Port P6 

Port P6 is a 6-bit I/O port having the same functions as 
Port P2. The output is CMOS three-state. Bit is used 
in common with the timer output. Bits 1~3 are used in 
common with PWMs 1~3. 

The functions of this port do not change, being the 
same as in the single-chip mode, even though the pro- 
cessor mode may change. 

A block diagram of ports PO through P6 are shown in 
Figure 18. 

(8) Clock 4> output pin 

The clock frequency, divided by four, is output (X !N ). 
However, in the low-speed mode 1/2 the clock fre- 
quency for timer (X C | N ) is output. 
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4" 



-0° — it 



o 



■o 



High voltage P-channel open drain 
(with pull-down resistors) 



Ports PO, P1, P4, P5 , P5, 



~* 



Data bus - 



Direction register 



-i^i 



N-channel open drain output 



tf 



hU^D-^ 



■o 



Ports P2, P3 



Note I P3 may also be used as a serial 
input/output pin. 



S 



Data bus - 



Direction register 



Port latch 



J-^ 




CMOS Tri-state output 



Y ho 



Port 6 



Note : Bits 0~3 may also be used as timer 
outputs and PWM output pins. 



Data bus - 



4-r^ho 




Schmitt input 



Ports P5 2 , P5 3 



PWM mode register) 



Input 



Data bus - 



4-o 



-^- 



Ports P5 4 ~P5 7 



CMO'S output 



rp 

-3-o 



U 



* High voltage P-channel transistor 



Fig.18 Block diagram of port PO— P6 (single-chip mode) and output format of <f> 



2-250 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP, 

M50955-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 20 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 19. 
By connecting CNV SS to V ss , all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNV SS places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 
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Fig. 19 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV S s is con- 
nected to V ss - Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV S s is connected to V S s and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address data for port P0 is output 
when goes to "H" state. When 4> goes to the "L" 
state, P0 retains its original I/O functions. 
Port PVs higher 8 bits of address data are output when 
goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original output functions while </> is at the "H" state, 
and works as a data bus of D 7 ~D (including instruc- 
tion code) while at the "L" state. Pins P3t and P3 out- 
put the SYNC and R/W control signals, respectively 
while <t> is in the "H" state. When in the "L" state, P3t 
and P3 retain their original I/O function. 
The R/W output is used to' read/write from/to the out- 
side. When this pin is in .the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 

(3) Microprocessor mode [10] 

After connecting CNV S s to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D 7 ~D ) and loses 
its normal I/O functions. Port P3i and P3 become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV SS pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

This mode has almost the same function as the mem- 
ory expanding mode except that it needs to attach all 
program memories to the outside. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 
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Fig.20 Processor mode and functions of ports P0~P3 



Table 3 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


V ss 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The M50754-XXXSP has two internal clock generating cir- 
cuit. Figure 23 shows a block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the clock in- 
put pin X| N divided by four is used as the internal clock 
(timing output) 0. Bit 7 of serial I/O mode register can be 
used to switch the internal clock to 1/2 the frequency ap- 
plied to the clock input pin X C!N . 

Figure 21 shows a circuit example using a ceramic (or crys- 
tal) oscillator. Use the manufacture's recommended values 
for constants such as capacitance which will differ depend- 
ing on each oscillator. When using an external clock signal, 
input form the X| N (X C | N ) pin and leave the X OU t(X C out) pin 
open. A circuit example is shown in Figure 22. 
The M50754-XXXSP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C | N clock) stops with the internal clock 
held at "H" level. In this case timer 2 and timer 3 are forc- 
ibly connected and 0/4 is selected as timer 2 input. Also, 
timer 2 and timer 3 loaded with FF 16 and 07 16 respectively 
to enable the oscillator to stabilize when restarting oscilla- 
tion. Before executing the STP instruction, the timer 2 count 
stop bit must be set to supply ("0"), timer 2 interrupt enable 
bit and timer 3 interrupt enable bit must be set to disable 
("0"), and timer 3 interrupt request bit must be set to no re- 
quest ("0"). 

Oscillation is resarted (release the stop mode) when INT 1( 
INT 2l or serial I/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to "1". When restarting oscillation with an interrupt, 
the internal clock <f> is held "H" until timer 3 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, "L" level must be kept to the RESET pin until the 
oscillattion stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock <f> stops at "H" 
level, but the oscillator does not stop. 4> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to "1" before executing the WIT instruction. 
Low power dissipation operation is also achieved when the 
X, N clock is stopped and the internal clock </> is generated 
from the X C)N clock (200>A(max.) at f(X C i N ) = 32kHz). X, N 
clock oscillation is stopped when the bit 6 of serial I/O 
mode register (address 00F6 16 ) is set and restarted when it 
is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
An "L" level must be kept to the RESET pin until the 
oscillation stabilizes when resetting while the X| N clock is 
stopped. Figure 24 shows the transition of states for the 
system clock. 
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Fig.21 Example ceramic resonator circuit 
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Fig.22 Example clock input circuit 
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Fig.23 Block diagram of clock generating circuit 
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Interrupt 
'External INT " 
Timer interrupt 
.Sl/O interrupt] 



lnterrupt(Note2) 
("External INT 1 
Ls I/O interrupt J 



The above example assumes that signals of 4MHz and 32kHz are being applied to pins X, N X C in respectively. <t> signifies the internal clock. 

(NoteD Approximately 8ms of latency time are automatically generated upon release 

from the STP instruction due to the connections of timer 2 and 3. 
(Note 2) Approximately 500ms of latency time exists after the release of the STP instruction. 
(Note 3) When the internal clock 1/4 frequency is connected as a timer count source the count source becomes 4kHz. 



Fig.24 Transition of states for the system clock 
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<An example of flow for system> 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+D. 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When <f>/A or it divided by timer are used as clock for 
timer, the contents of the timer can be read at volun- 
tary timing. 

However, when an other clock (except above clocks) 
is input to timer, read the contents of timer either while 
the input of the timer is not changing or after timer 
count is stopped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confiramation form. 

(2) mark specification form. 

(3) ROM data EPROM 3sets. 

Write the following option on the mask ROM confirmation 
from. 

• <f> output stop option. 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s- 
Output transistors cut-off. 


-0.3—7 


V 


V P 


Pull-down input voltage 


V cc -40~Vcc+0. 3 


V 


V, 


Input voltage, P2 ~P2 7 , P3 ~P3 7 

CNVss, P5 2 /INT 2 , P53/INT, 


-0.3-13 


V 


V, 


Input voltage, RESET, X| N , X C in 


-0.3-7 


V 


v, 


Input voltage, P6 ~P6 5 


-0. 3~Vcc+0. 3 


V 


v. 


Input voltage, P5 4 ~P5 7 


-0.3-13 


V 


Vo 


Output voltage, P2 ~P2 7 , P3 ~P3 7 


-0.3-13 


V 


Vo 


Output voltage, P6 ~P6 5 , X ut, X C out, <t> 


-0. 3~V cc +0.3 


V 


Vo 


Output voltage, P0 ~P0 7 , P1o~P1 7 , P4 ~P4 7 , P5 , P5, 


Vcc-40-Vcc+O. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note 1 ) 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



Note 1 : 600mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10~70°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


f (X|N )=4.2MHz 


4 


5 


5.5 


V 


f(X| N )=less than! MHz 


3 


5 


5.5 


V 


v P 


Pull-down supply voltage 


Vcc-38 




Vcc 


V 


V S s 


Supply voltage 









V 


V| H 


"H" input voltage P2 ~P2 7 , P3 ~P3 7 , CNV ss (Note 2 ) 
P5 2 /INT 2 , P5 3 /INT 1p P6 ~P6 5 


0.75V CC 




Vcc 


V 


V,h 


"H" input voltage RESET, X| N , X C in 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P5 4 ~P5 7 


0. 4V CC 




Vcc 


V 


v, L 


"L" input voltage P2 ~P2 7 , P3 ~P3 7 , CNV SS 
P5 2 /INT 2 , P53/INT,, P6 ~P6 5 







0. 25V CC 


V 


V IL 


"L" input voltage RESET 







0.12V CC 


V 


v, L 


"L" input voltage X| N , X C in 







0.16V CC 


V 


V, L 


"L" input voltage P5 4 ~P5 7 







0.12V CC 


V 


'oH(sum) 


"H" sum output current P0 ~P0 7 , P1 ~P1 7 , P4 ~P4 7 
P5 , P5t 






-120 


mA 


'oH(sum) 


"H" sum output current P6 ~P6 5 






-5 


mA 


'oL(sum) 


"L" sum output current P2 ~P2 7 , P3 ~P3 7 






50 


mA 


'oL(sum) 


"L" sum output current P6 ~P6 5 






5 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 4 






-30 


mA 


'oH(peak) 


"H" peak output current P0 5 ~P0 7 , P1 ~P1 7 






-30 


mA 


'oH(peak) 


"H" peak output current P4 ~P4 7 , P5 , P5i 






-30 


mA 


'oH(peak) 


"H" peak output current P6o~P6 5 






-3 


mA 


'oL(peak) 


"L" peak output current P2 ~P2 7 , P3 ~P3 7 






15 


mA 


'oL(peak) 


"L" peak output current P6o~P6 5 






3 


mA 


'oH(avq) 


"H" average output current P0 ~P0 7 , P1o~P1?(Note7) 






-12 


mA 


'oH(avq) 


"H" average output current P4 ~P4 7 , P5 , P5i 






-12 


mA 


'oH(avq) 


"H" average output current P6 ~P6 5 






-1.5 


mA 


loL(avq) 


"L" average output current P2 ~P2 7 , P3 ~P3 7 






10 


mA 


loL(avq) 


"L" average output current P6 ~P6 5 






1.5 


mA 


f(x, N ) 


Clock input oscillating frequency (Note 3,4,6) 






4.2 


MHz 


f (Xci N ) 


Clock oscillating frequency for clock function 






500 


kHz 



Note 2 : High-level input voltage of up to +12V may be applied to permissible for ports P2 ~P2 7 , P3 ~ 
P3 7 , CNVss, and P5 2 ~P5 7 . 

3 : Oscillation frequency is at 50% duty cycle. 

4 : When used in the low-speed mode, the timer clock input frequency should be f( X iN) < f(xiN)/3. 

5 : When external clock input is used, the timer clock input frequency should be f(xciN) ^ 50kHz. 

6 : The average output current louavg) an & 'oH(avg) are in period of 100ms. 

7 : -18mA for M50954-XXXSP, M50955-XXXSP. . 
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ELECTRICAL CHARACTERISTICS (v cc = sv±io«, v ss = ov, Ta 


= 25°C, f( X|N ) = 4MHz, unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage P6 ~P6 5 


Ioh =— 0.5mA 


V C c-0.4 






V 


Vqh 


"H" output voltage 4> 


Ioh=-2.5itiA 


Vcc-2 






V 


Voh 


"H" output voltage P0 ~P0 7 , P1 ~P1 7 


l 0H = - -1 2mA( M50754-XXXSP) 


Vcc-2 






V 


Vqh 


"H" output voltage P0 ~P0 7 , P1 ~P17 


l O H=-18mA(M50954-XXXSP,M50955-XXXSP) 


Vcc-2 






V 


Voh 


"H" output voltage P4 ~P4 7 , P5 , P5, 


l 0H =-12mA 


Vcc-2 






V 


Vol 


"L" output voltage P2 ~P2 7 , P3 ~P3 7 


l O L=10mA 






2 


V 


Vol 


"L" output voltage P6 ~P6 5 


loi_ = 0. 5mA 






0.4 


V 


Vol 


"L" output voltage 4> 


l L=2.5mA 






2 


V 


V T +-V T - 


Hysteresis P5 2 /INT 2 , PSs/INTt 




0.3 




1 


V 


Vt+-V t - 


Hysteresis RESET 






0.5 


0.7 


V 


V t +-V t - 


Hysteresis P3 6 


When used as CLK input 


0.3 




1 


V 


V t +-V t - 


Hysteresis X !N 




0.1 




0.5 


V 


I.l 


"L" input current P2 ~P2 7 , P3 ~P3 7 


V,=0V 






-5 


/uA 


I.L 


"L" input current P6 ~P6 5 


V,=0V 






-5 


M A 


I.L 


"L" input current P5 4 ~P5 7 


V,=0V 






-5 


juA 


I.L 


"L" input current RESET, X| N , X C in 


V,=0V 






-5 


juA 


I.L 


"L" input current P5 2 /INT 2 , P53/INT! 


V,=0V. 






-5 


M A 


I.H 


"H" input current P2 ~P2 7 , P3 ~P3 7 


V,=5V 






5 


M A 


V,=12V 






12 


M A 


llH 


"H" input current P6 ~P6 5 


V,=5V 






5 


juA 


Iih 


"H" input current P5 4 ~P5 7 


V,=5V 






5 


JuA 


V,=12V 






12 


MA 


I.H 


"H" input current RESET, X| N , Xcin 


V,=5V 






5 


juA 


I.H 


"H" input current P5 2 /INT 2 , P53/INT, 


V,=5V 






5 


/uA 


V,=12V 






12 


VA 


l0L 


"L" output current P0 ~P0 7 , P1 ~P17, P4 ~P4 7 , P5 , P5, 


V P =Vcc-36V, V L=Vcc 


150 


500 


900 


juA 


Vp=V cc -36V, Vol=V CC -36V 






30 


M A 


Vram 


RAM retention voltage 


At clock stop 


2 




5.5 


V 


Ice 


Supply current 


Output pins open (output OFF) 
Vp=V C c- V P =Vss Input and I/O pins all at V S s 
X| N =4MHz (system operation) 




3 


6 


mA 


Ditto (at wait mode) 




1 




mA 


Xin — Xout stop 

XciN=32kHz (at system operation) all other 

conditions same as above. 




60 


200 


M A 


Ditto (at wait mode) 




40 




juA 


Oscillation all stopped, 
(at STOP mode) 


T a =25°C 






1 


JuA 


T a =70°C 






10 


M A 



c, 



-ir-T— -J 
C 2 aR,| 



C 4 =R; 
R: 



Vcc 
X in RESET 
V P 
Xout 

Input pin 

XciN 



CNV S 



X 1 =4MHz ceramic oscillator 

X 2 =32. 768kHz quartz crystal 

C 1 = c 2 =30pF oscillator 

R! = 1Mn 

C 3 =10pF 

C 4 =30pF 

R 2 =10Mn 

R 3 =100kn 

Output pins are open 



Fig. 25 Supply current test circuit 
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MITSUBISHI MICROCOMPUTERS 



M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP, 

M50955-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMING REQUIREMENTS 

Single-chip mode (v cc = 5v±io%, v ss = ov, T a = 25°c, f (X|N ,= 



: 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-0) 


Port P2 input set-up time 


270 






ns 


tsU (P3D-<6) 


Port P3 input set-up time 


■270 






ns 


*SU (P5D-0) 


Port P5 2 /INT2, P53/INT! input set-up time 


270 






ns 


tsU (P5D-<A) 


Port P54-7 input set-up time 


500 






ns 


tsU (P6D-0) 


Port P6 input set-up time 


270 






ns 


th (0-P2D) 


Port 92 input hold time 


20 






ns 


tfl (0-P3D) 


Port P3 input hold time 


20 






ns 


*h (0-P5D) 


Port P5 2 /INT 2 , P5 3 /INTi input hold time 


20 






ns 


*h (S6-P5D) 


Port P54-7 input hold time 


50 






ns 


*h (0-P6D) 


Port P6 input hold time 


20 






ns 


*c(x IN ) 


External clock input cycle time (X (N input) 


235 






ns 


*W(X| N ) 


External clock input pulse width (X| N input) 


75 






ns 


tcCXcN) 


External clock input cycle time (X C in) 


2.0 






ms 


twCXciN) 


External clock input pulse width (X C in) 


1.0 






ms 


tr 


External clock rise time 






25 


ns 


tf 


External clock fall time 






25 


ns 


Memory expanding mode and eva-chip mode 

(Vcc = 5V±10%, V S s = 0V, T a = 25°C, f (XlN ) = 4MHz, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-<4) 


Port P2 input set-up time 


270 






ns 


th U-P2D) 


Port P2 input hold time 


20 






ns 


MlCrOprOCeSSOr mode (Vcc = 5V±10%, V ss = OV, T a = 25°C, f (X|N) = 4MHz, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-0) 


Port P2 input setup time 


270 






ns 


th U-P2D) 


Port P2 input hold time 


20 






ns 
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MITSUBISHI MICROCOMPUTERS 



M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP, 

M50955-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



SWITCHING CHARACTERISTICS 

Single-Chip mode (V C c = 5V±10%, V ss = 0V, T a = 25"C, f (X|N ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tdu-poa) 


Port PO data output delay time 


Fig. 27 






230 


ns 


td(0-Pia) 


Port P1 data output delay time 






230 


ns 


td(0-P2a) 


Port P2 data output delay time 


Fig. 26 






230 


ns 


td(<*-P3C3) 


Port P3 data output delay time 






230 


ns 


td(0-P4Q) 


Port P4 data output delay time 


Fig. 27 






230 


ns 


^d(«*-P5Q) 


Port P5 data output delay time 






230 


ns 


td(<*-P6Q) 


Port P6 data output delay time 


Fig. 26 






230 


ns 



Memory expanding mode and eva-chip mode 



(V C c = 5V±10%, V ss = 0V, T a = 25°C, f (X|N ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter . 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0-POA) 


Port P0 address output delay time 


Fig.26 






250 


ns 


td(0-POAF) 


Port P0 address output delay time 






250 


ns 


td(<*-poo) 


Port P0 data output delay time 






200 


ns 


td(0-POQF) 


Port P0 data output delay time 






200 


ns 


td(<*-P1A) 


Port P1 address output delay time 






250 


ns 


td(<*-P1AF) 


Port P1 address output delay time 






250 


ns 


td(<*-piQ) 


Port P1 data output delay time 






200 


ns 


td(0-P1QF) 


Port P1 data output delay time 






200 


ns 


td(<*-P2Q) 


Port P2 data output delay time 






300 


ns 


td(0-P2QF) 


Port P2 data output delay time 






300 


ns 


td(0-R/W) 


R/W signal output delay time 






250 


ns 


td(0-R/WF) 


R/W signal output delay time 






250 


ns 


td(<t>-P3 Q) 


Port P3o data output delay time 






200 


ns 


td(0-P3 o QF) 


Port P3 data output delay time 






200 


ns 


^d(0-SYNC) 


SYNC signal output delay time 






250 


ns 


td(<4-SYNCF) 


SYNC signal output delay time 






250 


ns 


tdc^-ps^) 


Port P3i data output delay time 






200 


ns 


^dC^-PSTQF) 


Port P3t data output delay time 






200 


ns 



Microprocessor mode (V CC = 5V±10%, V ss = 0V, T a = 25°C, f (x , n) =4MHz, unless otherwise noted) 








Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0-POA) 


Port P0 address output delay time 


Fig.26 






250 


ns 


td(0-P1A) 


Port P1 address output delay time 






250 


ns 


t d(0-P2Q) 


Port P2 data output delay time 






300 


ns 


t d(0-P2OF) 


Port P2 data output delay time 






300 


ns 


td(0-R/W) 


R/W signal output delay time 






250 


ns 


td(<»-SYNC) 


SYNC signal output delay time 






250 


ns 



P2 
P3 














P6 




-100pF 






77T 




4> 




^ 


^rioopF 









1 








PO 

PI 

P4 
P5 

. 4> 


1 \ ~" 

yioopFlikn 


1 

ylOOpF 







Fig.26 Port P2, P3, P6 test circuit 



Fig.27 Port PO, P1, P4, P5 test circuit 
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M50754-XXXSP/FP/GP.M50954-XXXSP/FP/GP, 

M50955-XXXSP/FP/GP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMING DIAGRAMS 1 




/ 




In single-chip mode * / 


\ 

— t(J (0-POQ) 




_* 






Port PO output 


>: 






_» 


— t(j U-P1Q) 






Port P1 output 


X 






=» 


« — t(j (0-P2Q) 






Port P2 output 


x 










tsu (P2D-0) 








Port P2 input 


• 


— 


^V_ 


-» 


« td (0-P3Q) 




* — th (0-P2D) 


Port P3 output 


X 










tsu (P3D-0) 

/ 






Port P3 input 


/ 


-» 


"X_ 


> 


* t(j (0-P4Q) 






p-th (*-P3D) 


Port P4 output 


>: 






^ 


* — t(j (0-P5Q) 






Port P5 output 


x 










^U (P5D-?!) 






Port P5 input 


/ 


-* 


> 


— > 


* t(j (0-P6Q) 






r — th (0-P5D) 


Port P6 output 


>: 










tsu (P6D-0) 




» 


Port P6 input 


' 




X 




tc(x, N ) c 


r t C (x CIN ) 




*~" t[-| (^-P6D) 




t W (x, N ) or t W (x C i N ) 


s 


> 










f(x, N ) y 


/ r N 


/ 


or 

f(X C i N ) _ 


— tf 
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MITSUBISHI MICROCOMPUTERS 

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP, 

M50955-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



In memory expanding mode and 
Eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port PI input 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3, output (SYNC) 



/ 



\ 



*d (0-POA) ~ * 



td (0-pia) 



-td (0-P2Q) 



X 



* td (0-R/W) — * 



X 



*~ td (0-SYNC) —* 



X 



y 



-t(j (0-POAF) 



XX 



-t(j (0-POQ) 



tsU (POD— 0) 



" td (0-P1AF) 




td u-p-iq) 



tsu (P1D-0) 



y 




td U-P2QR 



y 



"'td (0-R/WF) ~* 




td U-p3 q) 



"td (0-SYNCF) 



XX 



"td ($-P3iQ) 



*— td (0— POQF) 



X 



K 



*— t n (0-POD) 

td (0-P1QF) 



X 



|— th (0-PID) 



x 



x 



th (0-P2D) 

td (0-P3 o QF) 



x 



~td (0-P3TQF) 
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In microprocessor mode 



Port PO output 



Port PI output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3i output (SYNC) 



y 



x 



x 



~t(j ((A-POA) 



* t(j (0-pi A ) 



X 



X". 



Floating 



t(j (0-R/W) 



~td (<i-SYNC) 



X 



/ 



X 



" t(J U-P2Q) 



*SU (P2D-<*) - 



/f 



X 



X 



-td (0-P2QF) 



x: 

x_ 



-th (0-P2D) 



X 



X 



2-264 



MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 



M50930-XXXFP, M50931-XXXFP 

M50932-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M50930-XXXFP, M50931-XXXFP and the M50932- 
XXXFP are single-chip microcomputers designed with 
CMOS silicon gate technology. All are housed in a 80-pin 
plastic molded QFP. These single-chip microcomputers are 
useful for business equipment and other consumer applica- 
tions. 

In addition to their simple instruction set, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

These microcomputers are also suitable for applications 
which require controlling LCDs. 

The differences among the M50930-XXXFP, M50931- 
XXXFP and the M50932-XXXFP are noted below. The fol- 
lowing explanations apply to the M50930-XXXFP. Specifica- 
tion variations for other chips are noted accordingly. 



Type name 


ROM size 


RAM size 


M50930-XXXFP 


4096 bytes 


128 bytes 


M50931-XXXFP 


4096 bytes 


51 2 bytes 


M50932-XXXFP 


8192 bytes 


51 2 bytes 



M50932-XXXFP only has pull-up transistor option for CNTR pin. 



DISTINCTIVE FEATURES 

o Number of basic instructions 69 

© Memory size 

ROM ••• 4096 bytes (M50930-XXXFP, M50931-XXXFP) 
8192 bytes (M50932-XXXFP) 

RAM 128 bytes (M50930-XXXFP) 

512 bytes (M50931-XXXFP, M50932-XXXFP) 
o Instruction executing time 

2/iS (minimum instructions, at 4MHz frequency) 

© Single power supply 

f(X, N )=4MHz 5V±10% 

f(X, N ) = 1 MHz 2.7V ^ V cc ^ 5.5V(Typ.) 

© Power dissipation 

normal operation mode (at 4MHz frequency) 

'• 15mW(V C c=5V, Typ.) 

low-speed operation mode (at 32kHz frequency for 

clock function) 225/iW (V C c=5V, Typ.) 

stop mode(at 25°C) 5/^W (V CC =5V, Max.) 

© RAM retention voltage (stop mode) 

2.0V < V RAM < 5.5V 

© Subroutine nesting • 64 levels (Max.) 

© Interrupt 8types, 5vectors 

© 8-bit timer 3 (2 when used as serial I/O) 

• 16-bit timer 1 (Two 8-bit timers make one set) 

o Programmable I/O ports 

(Port P0, P1, P2, P3) 32 

© Input ports (Port P4) ••••8 

• Serial I/O (8-bit) 1 



PIN CONFIGURATION (TOP VIEW) 


- CNJ W ■* Irt (O^COOo't-CMPJ 


U (3 (3 O O O (!) ^UOOOOOOO 


111 LU LU LU til HI LU coLULULULULULULLlUJ 


W(/)WWW(OCO>Wt/)(/)WWWWW 




1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

fil [Til fil [771 [Til [Til RfTil [77J R H |iil fil [£T1 |ssl [eil 




seg 8 ^Cl 

SEG 7 «- U 





li]**P4o/SEG 2 4 

6|]^P4 1 /SEG 2 5 


SEG 6 — U 




H~P4 2 /SEG 26 


SEG 5 -[± 




Ill^P43/SEG 27 


SEG 4 — GE 




eo]^P4 4 /SEG2a 


SEG 3 — LI 




H]->P4 5 /SEG 2 9 


SEG 2 — E 




l8]**P4 6 /SEG3o 


SEG, ^E 




U*- P4 7 /SEG 31 


SEGo*-GE 


S S S 


U— P0 


com 3 — Qii 


Ol Ol Ol 

000 


U-^po, 


com 2 «-[Il 


CO CO CO 
CO CO CO 


H]**po 2 


COM, — H 


^07*0? 


tU-^POa 


com *-QI 


X"* X" 1 X 


|D~P0 4 


V L i -*Qi 


XXX 


^~P0 5 


v L2 -ni 


XXX 

ti -n ti 


so]** P0 6 


VL3-C1 


■D TJ "D 


U*-* po 7 


Vcc Qz 




48]— P1 - 


CNTR**Q8 




47]— P1, 


P3 7 /S RDY ~[Ii 




46]— P1 2 


P3 6 /CLK— [|o 




H— Pia 


P35/S OU T**[Ii 




44]**P14 


P3 4 /S, N — LI 




43]-P1 5 


P3 3 /T^[23 

P3 2 /INT 2 — Lli 


O 


U~P1 6 
ID-P17 




♦ ♦ ♦■ t ♦ 1 t + tftttt 




1 ♦ 1 ii* t t t t t ♦ t t 

Z 3(1 «h -^WCNTcNCNCMlMCNICNOg 


CL 


^X O>Q.Q.CLCLCLCL0La. 

LU * 

DC 


Outline 80P6 



© LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 

segment output- ••• 32 

common output 4 

© Two clock generator circuits (One is for main clock, the 
other is for clock function) 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 

Telephone 
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M50930-XXXFP BLOCK DIAGRAM 



Clock input Clock output 

— @ @ 

A 



Interrupt 
input 

INT^ 



Reset 
input 

RESET 



t ?" 



(5V) 
Vcc 



(OV) 
V ss 



(OV) 
CNV SS 

--CD- 



Clock generating circuit 



zv 



Processor 




Program 


Program 




Stack 


status 




counter 


counter 




pointer 


register PS(8) 




PC H (8) 


PC L (8) 




S(8) 




I? 



J 



Timer 
j I/O 
-©CNTR 



g)©©^©®- - -®€x|^ 



Segment output (32) 
SEG 



Common Power supply 
output for LCD 

COM 



I/O port P3 



I/O port P2 



I/O port P1 



I/O portPO 



Note 1 
2 
3 



Program counter PC H is only 6 bits long. 

M50932 has 8192 bytes ROM. 

M50931 and M50932 have 512 bytes RAM. 



<2 

z 
o 
r 
m 



00 

■ 

00 



o 

3 
o 
(ft 



o 

50 

o 
o 

o 

■o 

c 

H 

m 

90 



(A 

o 
w 

I 

X 
X 
X 



2 
tn 

o 
to 
w 

o 

I 

X 

* s 
X - 

II c 

S» 
tn - 

O S 

<0 o 
W ; 

X i 

* I 
X 5 

Tl m 

W (ft 



MITSUBISHI MICROCOMPUTERS 

M50930-XXXFP, M50931-XXXFP 

M50932-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50930-XXXFP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction excution time 


2/us (minimum instructions, at 4MHz frequency). 


Clock frequency 


4.3MHz 


Memory size 


ROM 


4096 bytes (8192 bytes for M50932-XXXFP) 


RAM 


128 bytes (512 bytes for M50931-XXXFP and M50932-XXXFP) 


RAM for display LCD 


16 bytes 


Input/output port 


PO, PI, P2, P3 


I/O 


8-bitX4 


P4 


Input 


8-bitXl (Port P4 are in common with SEG) 


SEG 


LCD output 


32-bitXl 


COM 


LCD output 


4-bitXl 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX3 (2 when serial I/O is used) 


16-bit timerXI (combination of two 8-bit timers) 


LCD controller/driver 


Bias 


1/2, 1/3 bias selectable 


Duty ratio 


1/2, 1/3, 1/4 duty selectable 


Common output 


4 


Segment output 


32 (SEG 2 4~SEG 31 are in common with port P4) 


Subroutine-nesting 


64 (max.) 


Interrupt 


Two external interrupts, Three timer interrupts (or two timer, one serial I/O) 


Clock generating circuit 


Two built-in circuit (ceramic or quartz crystal oscillator ) 


Supply voltage 


2.7~5.5V (RAM retention voltage at clock stop is 2~5.5V) 


Power dissipation 


At high-speed operation V C c = 5V 


15mW (at clock frequency X| N =4MHz, typ.) 


At low-speed operation Vcc = 5V 


225/iW (at clock frequency X C iN=32kHz, typ.) 


At STOP mode 


5/;W (at clock stop, max.) 


Input/output 
characteristics 


Input/output voltage 


5V 


Output current 


loH=-2mA(V OH =3V) 


l O L=10mA-(VoL=2V) 


Pull-up current : Min. — 30/M, max. — 140>A, typ — 70^A 
(V C c=5V input voltage 0V) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 
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MITSUBISHI MICROCOMPUTERS 

M50930-XXXFP, M50931-XXXFP 

M50932-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to Vcc, and OV to V ss - 


CNV SS 


CNVss 




This is usually connect to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/2 s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and X ut pins. If an external 
clock is used, the clock source should be connected the X| N pin and the X ut pin should be left open. 


XquT 


Clock output 


Output 


TntT 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is CMOS output. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , 
P3 6 , P3 5 , and P3 4 work as S RD y, CLK, Sout. and S| N pins, respectively. Also P3 3 , P3 2 , P3 1( and P3 work as 
timer 3 overflow signal divided by 2 output pin (T), INT 2 pin, X C in and X C out pins, respectively. 


P4 ~P4 7 


Input port P4 


I/O 


Port P4 is an 8-bit input port and can be used as segment output pins. 


V L i~V L3 


Voltage input for LCD 


Input 


These are voltage input pins for LCD. Supply voltage as 0V^V L i^V L 2^Vl3^Vcc- 0V~V L 3 is supplied to 
LCD. 


COM ~ 
COM 3 


Common output 


Output 


These are LCD common output pins. At 1/2 duty, COM2 and COM3 pins are not used. At 1/3 duty, COM3 is 
not used. 


SEG ~ 
SEG 23 


Segment output 


Output 


These are LCD segment output pins. 


CNTR 


Timer J/O 


I/O 


This is an output pin for the timer 4 and 5. 
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MITSUBISHI MICROCOMPUTERS 

M50930-XXXFP, M50931-XXXFP 

M50932-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50930-XXXFP is shown in Figure 1. 
Address 3000 16 to 3FFF 16 are assigned for the built-in ROM 
area which consists of 4096 bytes (Addresses 2000 16 to 
3FFF 16 are assigned for the built-in ROM area which con- 
sists of 8192 bytes for M50932-XXXFP). Addresses 3F00 16 
to 3FFF-| 6 are a special address area (special page). By 
using the special page addressing mode of JSR instruction, 
subroutines addressed on this page can be called with only 
2 bytes. Addresses 3FF4 16 to 3FFF-, 6 are vector addresses 
used for the reset and interrupts (See interrupts chapter). 



Addresses 0000 16 to 00FF 16 are the zero page address 
area. By using zero page addressing mode, this area can 
also be accessed with 2 bytes. The use of these addressing 
methods will greatly reduce the object size required. 
The RAM, I/O port, timer, etc. addresses are already 
assigned for the zero page. Addresses 0000 16 to 007F 16 are 
assigned for the built-in RAM which consists of 128 bytes 
(Addresses 0000 16 to 007F 16 and 0100 16 to 027F 16 are 
assigned for the built-in RAM which consists of 512 bytes 
for M50931-XXXFP and M50932-XXXFP). This RAM is used 
as the stack during subroutine calls and interrupts, in addi- 
tion to data storage. 



ROM 

(8192 bytes) 

for 

M50932-XXXFP 






0000 16 

007F 16 

00D0 16 
00DF 16 

00FF 16 
0100 16 

027F 16 

2000 16 

3000 16 
3F00 16 

3FF4 16 
3FFF 16 




Decimal 


/ 
127 / 

/ 

/ 

/ 

208 

/■ 

'223 

255 

\ 

\, 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
A 
\ 
\ 
\ 

INT 2 
Serial I/O 
or Timer 3 
Timer 2 
Timer 1 

INTt 








Zero page 


RAM 
(128 bytes) 

RAM 
for 
LCD 

(16 bytes) 




/00E0 16 

/ / 00E1 16 

00E2 16 

00E3 16 

00E4 16 

00E5 16 

00E6 16 

00E7 16 

00E8 16 

00E9 16 

00EA 16 

00EB 16 

00EC 16 

00ED 16 

00EE 16 

00EF 16 

00F0 16 

00F1 16 

00F2 16 

00F3 16 

00F4 16 

00F5 16 

00F6 16 

00F7 16 

00F8 16 

00F9 16 

00FA 16 

\ 00FB 16 

\ 00FC 16 

\ 00FD 16 

\ 00FE 16 

V 00FF 16 


Port P0 




Pnrt Pn directional 
ron ru register 


Port P1 


n y ,-,., directional 

Port P1 register 


Not used 


Port P2 


Pr«r+ P9 directional 
Port Yl register 










Port P3 


I i-iam 
(384 bytes) 
for 
M50931-XXXFP 

and 
M50932-XXXFP 


Not used 


Port P3 ?$$$§?* 


Port P4 
















ROM 
(4096 bytes) 

for 
M50930-XXXFP 

and 
M50931-XXXFP 


Special 

page 

for 

subroutine 

call 












LCD mode register 


Serial I/O mode register 


Serial I/O register 


Timer 4,5 mode register 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer 3 


Address L 
Address H 


Timer 4 


Address l_ 
Address H 


Timer 5 


Address l_ 
Address H 


Interrupt control register 


Address L 
Address H 


RESET 

16383 


Timer control register 















Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, input/out- 
put, etc., is executed mainly through the accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. In the index regis- 
ter X addressing mode, the value of the OPERAND added 
to the contents of the index register X specifies the real 
address. When the T flag inMhe processors status register 
is set to "1", the index register X itself becomes the 
address for the second OPERAND. 



INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. In the index regis- 
ter Y addressing mode, the value of the OPERAND added 
to the contents of the index register Y specifies the real 
address. 



7 







A, 


7 







X 


7 







Y 


7 







S 



15 


7 


PC H (Note) 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

— Carry flag 

— Zero flag 

— Interrupt disable flag 

— Decimal mode flag 

— Break flag 

— Index X mode flag 

— Overflow flag 

— Negative flag 



Note ' PC H uses 6 bits only. 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
When an interrupt occurs, the higher 8 bits of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8 bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 
the return from interrupt instruction (RTI) is executed, the 
program counter and processor status register data is pop- 
ped off the stack in reverse order from above. 
The accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the Accumulator to its 
previous value is accomplished by the Pop Accumulator in- 
struction (PLA). It is executed in the reverse order of the 
PHA instruction. 

The contents of the Processor Status Register (PS) are 
pushed and popped to and from the stack with the PHP 
and PLP instructions, respectively. 

During a subroutine call, only the Program Counter is 
pushed into the stack. Therefore, any registers that should 
not be destroyed should be pused into the stack manually. 
To return from a subroutine call, the RTS instruction is 
used. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 
PC H is only 6 bits long. 

PROCESSOR STATUS REGSITER (PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 
Carry flags (C) , Zero flag (Z) , Overflow flag (V) or the 
Negative flag (N) . Each bit of the register is explained 
below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic Logic Unit (ALU) immediately after an op- 
eration. It is also changed by the shift and rotate instruc- 
tions. The set carry (SEC) and clear carry (CLC) instruc- 
tions allow direct access for setting and clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "0". If the result is not zero, the zero flag 
will be set to "1". 



3. Interrupt disable flag (I) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt is 
accepted, this flag is automatically set to "1" to prevent 
from other interrupts until the current interrupt is completed. 
The SEI and CLI instructions are used to set and clear this 
flag, respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is "0", the operations are ex- 
ecuted in binary. Decimal correction is automatically ex- 
ecuted. The SED and CLD instructions are used to set and 
clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the B flag will 
be "1", otherwise, it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly, without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator) . 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the T flag, respectively. 

7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the V flag. The overflow flag is reset by the CLV 
instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is "1"). Whenever the BIT 
instruction is executed, bit 7 of the memory location is input 
to the N flag. There are no instructions for directly setting or 
resetting the N flag. 
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INTERRUPT 

The M50930-XXXFP can be interrupted from eight sources; 
INT-!, Timer 1, Timer 2, Timer 3 or Serial I/O, INT 2 or Key on 
wake up, and BRK instruction. 

The value of bit 2 of the serial I/O register (address 00F6 16 ) 
determines whether the interrupt is from timer 3 or from se- 
rial I/O. When the bit 2 is "1" the interrupt is from serial I/O, 
and when bit 2 is "0" the interrupt is from timer .3. Also, 
when bit 2 is "1", parts of Port 3 are used for serial I/O. Bit 7 
of the serial I/O register determines if an interrupt is from 
INT 2 or from "Key on wake up". When bit 7 is "0", the inter- 
rupt is from INT 2 . When bit 7 is "1" the interrupt is from "key 
on wake up", "key on wake up" can only be used at power 
down by the STP or WIT instruction. These interrupts are 
vectored and thier priorities are shown in Table 1. Reset is 
included in this table since it has the same function as an 
interrupt. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, as discussed in 
the stack pointer section, and the interrupt disable flag (I) 
is set, and the program jumps to the address specified by 
the interrupt vector, and the interrupt request bit is cleared 
automatically. The Reset interrupt is the highest priority in- 
terrupt and can never be inhibited. Except for the Reset in- 
terrupt, all interrupts are inhibited when the interrupt dis- 
able flag is set to "1". All of the other interrupts can further 
be controlled individually via the interrupt control register 
shown in Figure 3. An interrupt is accepted when the inter- 
rupt enable bit and the interrupt request bit are both "1" 
and the interrupt disable flag is "0". The interrupt request 
bits are set when the following conditions occur: 



(1 ) When the INT^ or WT 2 pins go from "H" to "L" 

(2) When the levels any pin of P2 goes "L" (at power down 
mode) 

(3) When the contents of timer 1, timer 2, timer 3 or the 
counter of serial I/O go to "0" 

These request bits can be reset by a program but can not 
be set. 

Since the BRK instruction interrupt and the INT 2 interrupt 
have the same vectored address, the contents of the B flag 
must be checked to determine if the BRK instruction 
caused the interrupt or if INT 2 generated the interrupt. 

Table 1. Interrupt vector address and priority. 



Interrupt 


Priority 


Vector address 


RESET 


1 


3FFF 16 , 3FFE 16 


I NTi 


2 


3FFD 16) 3FFC 16 


Timer 1 


3 


3FFB 16l 3FFA 16 


Timer 2 


4 


3FF9 16 , 3FF8 16 


Timer 3 or serial I/O 


5 


3FF7 16l 3FF6 16 


INT 2 or key on wake up (BRK) 


6 


3FF5 16> 3FF4 16 



k£ 



rO 



rCt 



r#, 



I Interrupt control register (address 00FE 16 ) 



iO 



Bit 7 : INT*! pin interrupt request bit 

Bit 6 ." INT! pin interrupt enable bit 

Bit 5 : Timer 2 interrupt request bit 

Bit 4 : Timer 2 interrupt enable bit 

Bit 3 : Timer 3 interrupt or serial I/O interrupt request bit 

Bit 2 : Timer 3 interrupt or serial I/O interrupt enable bit 

Bit 1 I INT 2 pin interrupt request bit 

Bit : INT 2 pin interrupt enable bit 



Interrupt 
request 



' — Intprmnt riisahlp fin 



q Timer control register (address 00FF 16 ) 



Interrupt disable flag I 



Bit 7 : 
Bit 6 : 
Bit5: 
Bit 4 : 
Bit 3 : 
Bit 2 : 
Bit 1 : 
Bito : 



Timer 1 interrupt request bit 
Timer 1 interrupt enable bit 
Timer 1 count stop bit 
Timer 3 count source selection bit 
Timer 2 count source selection bit 
Timer 1 count source selection bit 

Processor mode bit 



Fig. 3 Interrupt control 
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TIMER 

The M50930-XXXFP has five timers; timer 1, timer 2, timer 
3, timer 4 and timer 5. Timer 3 cannot be used when serial 
I/O is used (see serial I/O section). The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address 00FF 16 ), as shown in Figure 
4. 

A block diagram of timer 1 through 5 is shown in Figure 6. 
All of the timers are down count timers and have 8-bit 
latches. When a timer reaches "0" and the next count pulse 
is input to a timer, the contents of the reload latch are 
loaded into the timer. The division ratio of the timers is 1/(n 
+1 ), where n is the contents of timer latch. 
The timer interrupt request bit is set at the next count pulse 
after the timer reaches "0". The interrupt and timer control 
registers are located at addresses 00FE 16 and 00FF 16 , re- 
spectively (see Interrupt section) . The starting and stop- 
ping of timer 1 is controlled by bit 5 of the timer control reg- 
ister. If bit 5 (address 00FF 16 ) is "0", the timer starts count- 
ing. When bit 5 is "1", the timer stops. 
After a STP instruction is executed, timer 2, timer 1, and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if timer 2 interrupt request bit is set 
to "1", or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 1, 
count stop bit), bit 6 of the timer control register (timer 1 in- 
terrupt enable bit) , and bit 4 of interrupt control register 
(timer 2 interrupt enable bit) must be set to "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 
TIMER 4 AND TIMER 5 MODES 

(1) Timer Mode (00). 

The internal clock divided by 4 is counted. When the 
timer counts to "0", the interrupt request bit is set to 
"1", the contents of the timer latch is reloaded, and the 
counting starts again. 

(2) Pulse Output Mode (01). 

The output level of the CNTR pin inverts each time the 
timer contents to zero. 

(3) Event Counter Mode (10). 

The same function is executed as that of mode "00", 
except that the counting source is input from the CNTR 
pin. The count decremented each time the CNTR input 
gees from "L" to "H". 

(4) Pulse Width Measurement Mode (11). 

This mode is used to measure the pulse width of a sig- 
nal (between "L"s) input into the CNTR pin. The count- 
ing is done using the oscillation frequency divided by 4, 
and only while the CNTR pin is at a low level. When 
the contents of the counter reaches zero, the timer 5 
overflow flag is set to "1", the timer is reloaded from 
the reload latch, and counting starts again. The over- 
flow flag can be reset by writing a "0" to bit 7 of 
address 00F8-| 6 . The structure of timer 4, 5 mode regis- 
ter is shown in Figure 5. 



Timer control register 
(address 00FF 16 ) 

- Processor mode bit 

00 : Single-chip mode 

01 ! Memory expanding mode 

10 : Microprocessor mode 

11 : Not used 

- Timer 1 count source selection bit 

1 divided by 4 

1 '. Timer for clock (X C in) 

Timer 2 count source selection bit 

! Timer 1 overflow 

1 : Timer for clock (X C in) 

- Timer 3 count source selection bit 

'. <f> divided by 4 

1 : Timer 2 overflow 

Timer 1 count stop bit 

: Count start 

1 '. Count stop 

- Timer 1 interrupt enable bit 

I Interrupt inhibit 

1 : Interrupt enable 

- Timer 1 interrupt request bit 

: No interrupt request 

1 '. With interrupt request 



Fig.4 Structure of timer control register 



r 



Timer 4, 5 mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 '. Event counter mode 

11 : Pulse width measurement, mode 



Timer 4, 5 
mode register 
(address 00F8 16 ) 

CNTR input level 

: at "L" level 

1 : a t "H" level 
INT! input level 

: at "L" level 

1 : at"H" level 



- Timer 4, 5 count stop bit 

'. Count start 

1 '. Count stop 

-Timer 5 overflow bit 

". No timer 5 overflow 

1 : With timer 5 overflow 



Fig.5 Structure of timer 4, 5 mode register 
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Data bus 



o 

XciN 



1/2 




X| N ^"^ LM 7 



1/4 



0=f(X C i N )/2 
or 
f(X, N )/4 



P3 3 latch 



O 



U 



P3 3 /T SM 4 

CLK 



O 

P3 6 



TM 2 T L. 

TM 5 



Timer 1 latch (8) 
8JT 



Timer! (8) 



H 



_c_ 



Timer 2 latch (8) 



EE 



>Q Timer2(8) 



"C 



( '8 



Timer 3 latch (8) 



<> 



TM 4 



Timer 3 (8) 



SM 1? SM 



ED 



.00 ) 



Qc 10:1/2Ti 

y n : 1/4 



Ext. clock 



mer3 




Serial I/O 
counter (3) 



Serial I/O register 

(8) 

1 ,8 



_L 



Timer 4 latch (8) 
8f "" 



Timer4 (8) 



X 



Timer 5 latch (8) 



Timer5(8) 

— cz 



1/4 



Timer 1 interrupt 
request bit 



LCDCK 



Timer 2 interrupt 
request bit 



SM 2 



Timer 3 or serial I/O 
interrupt request bit 



TC : Timer 4, 5 mode register (address 00F8 16 ) 
TM : Timer control register (address O0FF 16 ) 
SM : Serial I/O mode register (address 00F6 16 ) 
LM : LCD mode register (address 00F5 16 ) 



-r 



Select gate : at reset, 
shaded side is connected. 



-M OVF I 
I I 

TC 7 



Fig.6 Block diagram of timers 1 through 5 
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PORT P3 3 /TIMER 3 OUTPUT 

The signal that timer 3 is divided by 2 is output from P3 3 
(T), at the contents of bit 4 of the serial I/O mode register 
(address 00F6 16 ) is "1". 

WATCHDOG TIMER FUNCTION 

Timer 4 and 5 can be used as a watchdog timer by con- 
necting the CNTR pin and the RESET pin as shown in Fig- 
ure 7, and by setting bit 4 and 5 of address 00F8 16 to 01. At 
this time the output of the 1/2 divider counter (connected to 
timer 5) is initialized to "1" when data is written to timer 5. 
After a delay of 2.5 to 3.0// s (at f(X, N ) = 4MHz) after the re- 
set is input, bits 4, 5, and 6 of the timer 4,5 mode register 
are initialized to 0. The initialization program to set the 
watchdog timer mode should have the following sequence: 

(1 ) Set the pulse output mode after writing a value to timer 
4 and 5 registers. 

(2) If the program is running correctly, the CNTR pin 
should never go low due to data being continuously 
written to timer 5. If the program sequence is inter- 
rupted, timer 5 will overflow and the CNTR pin will out- 
put a "L" and retain this value until the Reset is ex- 
ecuted. 

(3) 2.5to3.5/iS (at f(X, N ) = 4MHz) after a reset, the CNTR 
pin will be in high impedance state. 



M50930-XXXFP 



CNTR 



RESET 



29 



-©" 



Ri 



D 

-H- 



-A/Vv 1 

R 2 



I- 



C and D are for power-on reset. 



Fig.7 Reset circuit with the watchdog timer 
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SERIAL I/O 

The block diagram of serial I/O is shown in Figure 8. In the 
serial I/O mode the receive ready signal (S RDY ), synchro- 
nous input/output clock (CLK) , and the serial I/O (S OU t, 
S (N ) pins are used as P3 7 , P3 6 , P3 5 , and P3 4) respectively. 
The serial I/O mode register (address 00F6 16 ) is an 8-bit 
register. Bit and 1 of this register is used to select a syn- 
chronous clock source. When these bits are (00) or (01), 
an external clock from P3 6 is selected. When these bits are 
(10), the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 



(11), the internal clock divided by 4 (ie. 4jus at 4MHz) 
becomes the clock. 

Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P3 6 . 
And P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4) to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 



Internal 
clock * " 



1/4 



P3 7 O 



O 



P3 5 Q- 
P3 4 O 



from internal clock 
divided by 4 or 
Timer2 




^ 



;:SJ 







L 



Timer3(8) 



Prescaler (address 00FB 16 ) 

-E3— ' 



Sync, 
circuit 



Serial I/O counter (3) 




Transfer clock 



MSB Serial I/O register (8) LSB 
(address 00F7 16 ) TT 



D 



INT 2 source selection bit (at STP/WIT)- 

: P3 2 '(INTl) 

1 : P2 ~P2 7 (key on wake up) 



Unsystem clock operation bit - 

: HALT 

1 '■ Operation 



Timer for clock port selection bit (P3 , P3,) - 

: P3 , P3i (normal I/O port) 

1 • X C |N, XcQUT 



Output of clock port selection bit (P3 3 ) ■ 

: P3 3 (nomal I/O port) 

1 :t 



Serial I/O mode register 
(address 00F6 16 )' 

- Synchronous clock selection bit 

oo : ) 

External clock 

10 : Timer 3 overflow signal divided by 2 

11 : Timing 4> divided by 4 



Serial I/O port selection bit (P3 5 , P3 6 ) 

: Normal I/O port 

1 : Serial I/O port 



- S RDV signal output selection bit (P3/) 

: Normal I/O port 

1 : S RDY signal output pin 



Fig.8 Block diagram of serial I/O 
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P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 3. Bit 3 de- 
termines if P3 7 is used as an output pin for the receive data 
ready signal (bit 3 = "1", S RDY ) or used as a nomal I/O pin 
(bit3="0"). 

The function of serial I/O differs depending on the clock 
source: external clock or internal clock. 
Internal clock — The S RD y signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister. After the falling edge of write signal, the S RDY signal 
becomes low signaling that the M50930-XXXFP is ready to 
receive the external serial data. The S RDY signal goes "H" 
at the next falling edge of the transfer clock. The serial I/O 
counter is set to 7 when data is stored in the serial I/O reg- 
ister. At each falling edge of the transfer clock, serial data 
is output to P3 5 . During the rising edge of this clock, data 
can be input from P3 4 and the data in the serial I/O register 
will be shifted 1 bit. Data is output starting with the LSB. Af- 



ter the transfer clock has counted 8 times, the serial I/O 
register will be empty and the transfer clock will remain at 
a high level. At this time the interrupt request bit will be 
set. 

External Clock— If an external clock is used, the interrupt 
request bit will be set afterthe transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 9, and connection be- 
tween two M50930-XXXFPs' are shown in Figure 10. When 
using an external clock for transfer, the external clock must 
be held at "H" level when the serial I/O counter is initial- 
ized. When switching between the internal clock and exter- 
nal clock, the switching must not be performed during 
transfer. Also, the serial I/O counter must be initialized after 
switching. 



Synchronous clock 



Transfer clock 



Serial I/O register write 
signal 

Serial I/O output 

SoUT 

Serial I/O input 

S|N 

Receivable signal 
Srdy 




X^XDQXZX^XIXeDGE 



rixzxrxDczxzxzx 



i_r 



Interrupt request bit set 



Fig.9 Serial I/O timing 





Sending side 


P3 7 




Receiving side 






Serial I/O mode register 


Srdy P^7 


Serial I/O mode register 




bit 3 bitO 




P3 6 


Synchronous clock P3 6 _ 


I 


3it 3 bit 




E 


1 


1 









1 


1 





X 




Set the directional 






Set the directional 




in input mode. 


P3 5 


Serial data P3 4 


in input mode. 













Fig. 10 Example of serial I/O connection 
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LCD CONTROLLER/DRIVER 

The M50930-XXXFP has internal LCD controllers and driv- 
ers. A Block diagram of LCD circuit is shown in Figure 13. 
The terminals for LCD consist of 4 common-pin and 32 seg- 
ments pin. SEG 2 4 ~ SEG 31 are in common with input P4. 
These pins are selected by bit 4 of the LCD mode register 
(LM 4 , address 00F5 16 ). Two biases (1/2 and 1/3) can also 
be selected. When bit 2 of the LCD mode register is "1", 1/ 
2 bias is selected. When bit 2 is "0", 1/3 bias is selected. A 
1/2, 1/3, or 1/4 duty cycle can also be selected. When bits 
and 1 of the LCD mode register (LM , LMj is n, the duty 
ratio is 1/(n+l). 

Address 00D0 16 ~ 00DF 16 is the designated RAM for the 
LCD display. When 1s' are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fig- 
ure 12. 



The ON/OFF function for the LCD controller is controlled 
by bit 3 of the LCD mode register (LM 3 ). When this bit is 
"1" all the segments of the LCD are turned on. When this 
bit is "0" all the segments are turned off. 
When a 1/2 bias is used, V L1 and V L2 should be shorted 
together. An example circuit for each bias is shown in Fig- 
ure 14. Also Figure 15 shows an example of 1/2 bias, 1/4 
duty drive waveforms and resulting voltage differential be- 
tween SEGn and COMp and Figure 16 shows examples of 
drive waveforms for each bias and duty. 
The LCDCK timing frequency (LCD driver timing) is gener- 
ated internally and the frame frequency can be determined 
with the following equation: 

(frequency of timer 1 count source) 
( (timer 1 setting+1)X4) 



f(LCDCK) = 



Frame frequency— 



f(LCDCK) 



at 1/n duty 



3 2 1 



LCD mode register 
(address 00F5 16 ) 



■ Duty ratio selection bit 

01 : 1/2 duty 

10 : 1/3 duty 

11 : 1/4 duty 

■ Bias selection bit 

0". 1/3 bias 
1 : 1/2 bias 



■ LCD turn on bit 

: Off 

1 : On 



P4/LCD segment selection 
bit 

: P4 ~P4 7 (input port) 

1 : SEG^-SEG^ 

(segment output) 

- Xout/SYNC selection bit 

• Xout 

1 : SYNC 



Xcout drive ability selection; 

: High bit 

1 : Low 



• System clock selection bit 

: X/4 

1 : Xc/2 



Fig.1 1 Structure of LCD mode register 



\ Bit 
Address\ 
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4 


3 


.2 


1 





DO 


1 


1 


1 


1 


" 











D1 


3 


3 


3 


3 


2 


2 


2 


2 


D2 


5 


5 


5 


5 


4 


4 


4 


4 


D3 


7 


7 


7 


7 


6 


6 


6 


6 


D4 


9 


9 


9 


9 


8 


8 


8 


8 


D5 


11 


11 


11 


11 


10 


10 


10 


10 


D6 


13 


13 


13 


13 


12 


12 


12 


12 


D7 


15 


15 


15 


15 


14 


14 


14 


14 


D8 


17 


17 


17 


17 


16 


16 


16 


16 


D9 


19 


19 


19 


19 


18 


18 


18 


18 


DA 


.21 


21 


21 


21 


20 


20 


20 


20 


DB 


23 


23 


23 


23 


22 


22 


22 


22 


DC 


25 


25 


25 


25 


24 


24 


24 


24 


DD 


27 


27 


27 


27 , 


26 


26 


26 


26 


DE 


29 


29 


29 


29 


28 


28 


28 


28 


DF 


31 


31 


31 


31 


30 


30 


30 


30 


0000000 

o oo o . o o o 

* Number in data memory area indicates corresponding segment. 



Fig. 12 Map of RAM for LCD segment 
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1/3 bias 



1/2 bias 





Ri — R2 — R3 



R 4 =R 5 



Fig. 14 Example of circuit at 1/3 bias, 1/2 bias 



1 frame 



LCDCK timing of I I I ~~| I I 

internal logic — ' ' • ' » *- 

Pin output level 

COM 



r~i_r~L 



S 



Voltage level 
V L3 (=V LCD ) 

■ V L2 =V L1 
' GND 



COMt 



COM 2 



COM, 



xrr: 



Voltage diffrential 

(SEG n )-(COM ) 



=»— cr — ; x 



On Off 



(SEG n )-(COM 2 ) 



J 1 



V|_CD 

~2"V LCD 

-y v Lcc 

-V LCD 



Fig. 15 Example of 1/2 bias, 1/4 duty waveforms and resulting voltage differential between SEG n and COM n . 
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Display pattern 



Duty N 



LCD 
RAM 



LCDCK timing - 
of internal logic 



LCDCK timing- 
of internal logic 



2 c o w 






COM 

COMt 

--COM 2 



COM 
COM, 
COM 2 
COM3 



^TB 



^E^ 



SEGn 



3nHB - E££EEE 




" On On 



On On 



Off Off ' 



128(32 segmentsX4 commons) 
(16 digits max. in the above panel) 



Off Off 



C ^ CO 




V ^COM 


1 


--COM, 


1 


^COM 2 





COM3 


X 



COMq 



COM, 



COM 2 -^- -[--T- 

SEG n "I I----F "- 

B C 



COM3 •' No connection 



On On ' 

H 

"0fT 



96(32 segmentsX3 commons) 
(10 digits max. in the above panel) 




t v. CO -S 

■-C.J2 E 



A 



em- 



--como 

,.-COM, 

' COM 2 

COM3 



D — H N 



-SEGn 



COM 2l COM3 • No connection 



64(32 segmentsX2 commons) 
(8 digits max. in the above panel) 



COMo 





ITT" 




t"- 


COM, 


"t 






SEG„ 


— 1- 


___!_„ 




L On 


H 



Off 




Fig. 16 Example of drive waveforms for each bias and duty 
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KEY ON WAKE UP 

"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port P2 has a "L" level applied, after bit 7 of the 
serial I/O mode register (SM 7 ) is set to "1", an interrupt is 
generated and the microcomputer is returned to the nomal 
operatinge state. As shown in Figure 17, a key matrix can 
be connected to port P2 and the microcomputer can be re- 
turned to a normal state by pushing any key. 



The key on wake up interrupt is common with the INT 2 in- 
terrupt. When SM 7 is set to "1", the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT 2 
are invalid. 

In order to enter the power down state generated by the 
STP or WIT instruction at the interrupt disable flag (l) is "0" 
and SM 7 is "1", all of port P2 must be input "H". 



P3 2 /INT 2 tj[ 

s 



Port P3 2 
-f- directional register 

KNoteD 



P2 7 



Noie u i 



- Port P3 2 data read circuit 



SM 7 " 



t> 



Port P2 7 

directional 

register 



CPU stop state signal ^ jo rf J°~ 

3^ 



-V 



"TNote 1 ) 



INT 2 interrupt 
request signal 



Port P2 n 
Note 1 ) directional regiter 






P2o 



o 



-©- Port P2 

( Note 1 ) directional register 

h ^ — 



> Port P2 data read circuit 



^ Port PX : 
Y "L" 



level output 



Note 1 '. Pull-up transistor (mask option) 



Fig. 17 Block diagram of port P2 and P3 2 , and example of wired at used key on wake up 
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RESET CIRCUIT 

The M50930-XXXFP is reset according to the sequence 
shown in Figure 20. It starts the program from the address 
formed by using the content of address 3FFF 16 as the high 
order address and the content of the address 3FFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for at least 8 rising edges from X m while the power voltage 



is in the recommended operating condition and the crystal 
oscillator oscillation is stable and then returned to "H" level. 
The internal initializations following reset are shown in Fig- 
ure 18. 

An example of the reset circuit is shown in Figure 19. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X 1n -X OU t becomes stable. 



Address 






(1) Port P0 directional register (E1 16 ) 


oo 16 








(2) Port P1 directional register (E3 16 ) 


0016 






(3) Port P2 directional register (E5 16 ) 


oo 16 






(4) Port P3 directional register (E9 16 ) 


00 16 






(5) LCD mode register (F5 16 ) 


00 16 






(6) Serial I/O mode register (F6 16 ) 


0016 






(7) Timer 4, 5 mode register (F8 16 ) 


olololol I I I 






(8) Interrupt control register (FE 16 ) 


00, 6 






(9) Timer control register (FF 16 ) 


00 16 






(10) Interrupt disable flag for processor (PS) 


I I I I hi I 


status register 






(11) Program counter (PC H ) 


Contents of address 
3FFF,6 










(PC L ) 


Contents of address 
3FFE 16 




Since the contents of both registers other tr 
above (including timers and the serial I/O re 
RAM are undefined at reset, it is necessa 
values. 


ian those listed 
agister) and the 
ry to set initial 





Fig. 18 Internal state of microcomputer at reset 
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17 
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T 
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Fig. 19 Example of reset circuit 


f( X|N ) Jill 


1L__ 


__Jl 


nniuuinr 


RESET f 

Internal 
RESET 










SYNC 




i i 


Address 
Data 




v ? y? 
XD 


3(oo, sYoo, s-i Yoo, s-2V3ffeY3fffVd^ adX 

* % * * * x" w """ Reset address from the 


CDC&tEXEX^&C: vector,able 




8~12,clock cycles 

Note 1 '. Frequency relati 
Note 2 : The mark " ? " m 


on of f(X !N ) and <j> is f(X, N ) =4- 4>. 

eans that the address is changeable depending upon the previous state. 



Fig.20 Timing diagram at reset 
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I/O PORTS 

(1) Port PO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00E0 16 . Port PO's directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00E1 16 ) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 
Depending on the status of the processor status bits 
(bit and bit 1 of address 00FF 16 ), three different mod- 
es can be selected; single-chip mode, memory ex- 
panding mode and microprocessor mode. For more de- 
tails, refer to the timing diagram shown in Figure 24. 

(2) Port P1 

In the single chip mode, Port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, P2 has the same function as 
PO. In the other modes, P2's functions are slightly diffe- 
rent from PO's. For more details, see the processor 
mode information. Following the execution of STP or 
WIT instruction, P2 can be used to generate the "wake 
up mode". This mode is used to bring the microcompu- 
ter back in its normal operating mode after being in the 
power- down mode. 

(4) Port P3 

Port P3 has the same functions as PO except that part 
of P3 is common with the serial I/O lines (ie. output of 
timer 3, input/output of timer clock, and interrupt input). 

(5) Segment Output (SEG ~SEG 23 ) 

These ports drive and control the LCD segments. 

(6) Port P4 

Port P4 is an 8-bit input port which can be used as a 
LCD segment output port. 

(7) Common output (COM ~COM 3 ) 

These port provides output drive and control for the 
LCD common lines. 

(8) Power Supply for LCD. (V L1 ~V L3 ) 
Supplies power to the LCD terminals. 



(9) INT n 



(11) 



The INT-i pin is an interrupt input pin. The INTt inter- 
rupt request bit (bit 7 of address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". This input level is read into bit 1 of the timer 4 and 
5 mode register (address 00F8 16 ). 
Tntv ( INTV P3 2 ) 

The INT 2 pin is an interrupt input pin common with P3 2 . 
When P3 2 's directional register is set for input ("0") , 
this pin can be used as an interrupt input. The INT 2 in- 
terrupt request bit (bit 1 of address 00FE 16 ) is automati- 
cally set to "1" when the input level of this pin changes 
from "H" to "L". 
CNTR 

The CNTR pin is an I/O pin of timers 4 and 5. The input 
level is read into bit of the timer 4 and 5's mode regis- 
ter (address 00F8 16 ). 
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Ports PO, P1 



Vcc 

■e- 



I>^! 



r 




■e- 



3 Tr1 (mask option) 



V ss 



-o 



Tr1 is pull-up transistor (mask option) 



Ports P2, P3 2 



Vcc V cc 

-e- e- 



-<h 



Port latch 



-< 



} 



3> 



ri'i 



> — +—*■ 



Tr2 (mask option) 

O 

Ports P2, P3 2 



Interrupt control circuit I Tr2 is pull-up transistor (mask option) 



Ports P3 , P3 1f P3 3 , P3 4 , P3 6 , P3 7 



■~ <J- 



J 



3>— 'i 



Vcc Vcc 

-e- 



Vss] 



4 



-o 



Ports P3 , P3l P3 3 , 
P3 4 , P3 6 , P3 7 



Tr3 is pull-up transistor (mask option) 



Fig.21 Block diagram of ports P0~P3 
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Port P3 5 



CMOS output 



N-channel open drain output 



Mask option 



■-< 



Data bus — <- 



Direction 
register 



-J Port latch L 




V C c V cc 

-9- -Q- 



Tr5 



7I7 Vss^n 



t=i> 



4 



Tr4 (mask option) 



-O 



Port P3 5 



Tr4 is pull-up transistor (mask option) 

Tr5 is P-channel output transistor (mask option) 



PortP4(SEG 24 ~SEG 31 ) 



RESET 1 Timing circuit 



i? 



~f 



-o 



LM 4 



Timer control 

circuit and 

Timer 4, 5 J* 



< 



Vcc 

1 

*-& Tr6 (mask option) 



-O 



Tr6 is pull-up transistor (mask option only for M50932-XXXFP) 



INT! 



Interrupt control circuit 



-«■ 



-O 



Fig.22 Block diagram of ports P3, P4, CNTR, and INT 1 
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PROCESSOR MODE (1) 

By changing the contents of the processor mode bit (bit 
and 1 of address 00FF 16 ), three different operation modes 
can be selected; single-chip mode, memory expanding 
mode and microprocessor mode. In the memory expanding 
mode and microprocessor mode, ports P0~P2 can be used (2) 
as multiplexed I/O for address, data and control signals, as 
well as the normal functions of the I/O ports. The function 
of the Xqut Pin can also be changed. For more details see 
Figure 24. 

The memory map of the single-chip mode is illustrated in 
Figure 1, and the other modes are shown in Figure 23. By 
connecting the CNV SS to V ss , all three modes can be 
selected through software by changing the processor mode 
register. Connecting CNV SS to V cc automatically forces the (3) 
microcomputer into microprocessor mode. The three diffe- 
rent modes are explained as follows: 



3FFF 1f 



3000! £ 



0100 1( 

00E8!, 
00E0 1( 
OODOr 
0080 16 



0000 1( 



Internal 

ROM 

(Note 2) 




\(Note1)\V 

\ \ N X \ \ \ 




Timer, port P3 




\\V\\\^ 




RAM for LCD 




n\\\\\V 




Internal RAM 






Memory expanding 
mode 



Microprocessor 
mode 

Note 1 : In case of M50931-XXXFP and M50932-XXXFP, 
the address 0100 16 ~027F 16 384 bytes are also in- 
ternal RAM area. 

The shaded area is external memory area. 
Note 2 : In case of M50932-XXXFP, the internal ROM area 
is the contiguous block from 2000 16 to 3FFF 16 . 



Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss - Ports P0~P2 will work as original I/O 
ports. 

Memory expanding mode [01] 

The microcomputer will be changed to the memory ex- 
panding mode if CNV S s is connected to V S s and the 
processor mode bits are set to "01". This mode is used 
to add external memory when the internal memory is 
not sufficient. Ports P0 and P1 are used as address 
output with the original I/O function lost. Port P2 is used 
as D 7 ~ D data I/O with the original I/O function lost. 
Port P1 7 and P1 6 works as R/W and 0. 
Microprocessor mode [10]. 

/ After connecting CNV SS to V cc and initiating a reset, 
the microcomputer will automatically default to this 
mode. This mode is the same as the memory expand- 
ing mode except that the internal ROM is disable and 
external ROM is needed. The relationship between the 
input level of the CNV S s and the processor mode is 
shown in Table 2. 

The SYNC signal is output from the Xqut pin in every 
mode except the single-chip mode, when 10V is sup- 
plied to the RESET pin or when bit 5 of the LCD mode 
register is set to "1". The SYNC signal becomes a syn- 
chronous signal that goes to "H" level while the Op 
code is being fetched. When the SYNC output signal is 
selected, the original function of the X ut pin is lost. In 
addition, if LM 7 =1 and SM 6 =0, the SYNC signal is not 
output from the X OU t pin. 



Fig.23 External memory area in processor mode 
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Single-chip mode 



Memory expanding mode 



Microprocessor 
mode 



Port PO 



,j 



r 



Ports P0 7 ~P0 



X 



I/O port 



(P1 6 ) J" 



r 



Ports P0 7 ~P0 



j( Address A 7 ~A Y^ 



Same as left 



Port P1 
lower 6 Bits 



J 



r 



x 



Ports P1 5 ~P1 



I/O port 



*(P1e) 



J 



r 



Ports P1 5 ~P1 



Y Address A 13 ~A 8 Y 



Same as left 



Port P2 



<J 



r 



x 



Ports P2 7 ~P2 



Data I/O port 



6(P1 6 ) 



J 



r 



Ports P2 7 ~P2 



>/ Data V 



Same as left 



Port P1 
higher 2 bits 



'I 



r 



Ports P1 7 , P1 6 



x 



I/O port 



0(P1 6 J 



r 



Port P1 7 



J 



R/W 



Same as left 



^(PlsJ 

X 



r 



SYNC (Note 1) 



X 



Fig.24 Processor mode and functions of ports P0~P2 and X OU t 

Note 1 : In order to use X OU t pin as SYNC output, put RESET to 10V or set bit 5 of the address 00F5 16 to "1" 
When LM 7 =1 and SM 6 =0, X OU t does not output SYNC. 

Table 2 Relationship between CNV S s pin input level and processor mode 



Same as left 



CNVss 


Mode 


Explanation 


V S s 


• Single-chip mode 

• Memory expanding mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Microprocessor mode 


The microprocessor mode is set by the reset. 
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CLOCK GENERATING CIRCUIT 

The M50930-XXXFP has two internal clock generating cir- 
cuit. Figure 27 shows a block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the clock in- 
put pin X| N divided by four is used as the internal clock 
(timing output) 0. Bit 7 of LCD mode register can be used 
to switch the internal clock 0to 1/2 the frequency applied 
to the clock input pin X C | N . 

Figure 25 shows a circuit example using a ceramic (or crys- 
tal) oscillator. Use the manufacture's recommended values 
for constants such as capacitance which will differ depend- 
ing on each oscillator. When using an external clock signal, 
input form the X| N (X C in) pin and leave the Xqut(Xcout) pin 
open. A circuit example is shown in Figure 26. 
The M50930-XXXFP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C | N clock) stops with the internal clock 
held at "H" level. In this case timer 1 and timer 2 are forc- 
ibly connected and 0/4 is selected as timer 1 input. Before 
executing the STP instruction, appropriate values must be 
set in timer 1 and timer 2 to enable the oscillator to stabil- 
ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 
("0"), timer 1 interrupt enable bit and timer 2 interrupt en- 
able bit must be set to disable ("0"), and timer 2 interrupt 
request bit must be set to no request ("0"). 
Oscillation is resarted (release the stop mode) when INT^ 
INT 2 , or serial I/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to "1". When restarting oscillation with an interrupt, 
the internal clock is held "H" until timer 2 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, "L" level must be kept to the RESET pin until the 
oscillattion stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock stops at "H" 
level, but the oscillator does not stop. is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to "1" before executing the WIT instruction. 
Low power dissipation operation is also achieved when the 
X| N clock is stopped and the internal clock <f> is generated 
from the X C in clock (45/iA Typ. at f(Xci N ) = 32kHz). X, N clock 
oscillation is stopped when the bit 6 of LCD mode register 
(address 00F6 16 ) is set and restarted when it is cleared. 
However, the wait time until the oscillation stabilizes must 
be generated with a program when restarting. An "L" level 
must be kept to the RESET pin until the oscillation stabil- 
izes when resetting while the X iN clock is stopped. Figure 
28 shows the transition of states for the system clock. 



M50930-XXXFP 
X|N Xqut Xcin Xqout 




Fig.25 External ceramic resonator circuit 











M50930-XXXFP 

X| N X C ouT X C IN XcQUT 




30 1 31 25 f 26 
External op EN External OPEN 
oscillating oscillating 
rim lit circuit or 
circult external pulses 

v v c s :jutju-u v v ::-i_j 







Fig.26 External clock input circuit 
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XciN XcoUT 

o 



SM 6 — V X ^ I 1 ^ 

LM 7 -^L^Y === _J°~^ 



SM 5 




Mj- 1/2 -r 



Internal system 
clock source 
selection LM 7 



y b^sM 6 

V I LM 7 



i— i JUi — 

1/4 ^y~\^~ Timeri 



Timer 2 



Timer 1 
count source 
selection TM 2 



^0<: 



iming <f> 
Internal clock) 



Q S 



-STP 
instruction 



r-iOr-, 

S Q 1 J Q S 



WIT — |R 

instruction 



<£ 



Reset 



-STP 
instruction 




INT! interrupt enable 
INTt interrupt request 

Timeri interrupt enable 
Timeri interrupt request 

Timer 2 interrupt enable 
Timer 2 interrupt request 

Timer 3 interrupt enable 

(or serial I/O) 

Timer 3 interrupt request 

(or serial I/O) 

INT 2 interrupt enable 

INT 2 interrupt request 



Fig.27 Block diagram of clock generating circuit 
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Note 1 : At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing sys- 
tem clock. This time is set by program. 

2 : When SM 6 =1 and unsystem clock is operated, wait time necessary by program until oscillation becomes 

stable. 

3 I The case of example clock X=4MHz, clock X c =32kHz. 



Fig.28 Transition of states for the system clock 
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<An example of flow for system> 



Power on Reset 

1 
Clock X oscillation 

i. 
Internal system clock start (X— 1/4— <f>) 

1. 



Program start from RESET vector- 



S 



•X c oscillation(SM 5 = 1 , SM 6 = 1 ) 



Normal program 



"-Operating at 4 MHz 



S 



Clock for clock function X c power down (LM 6 : — 1 ) 

Internal clock <f> source switching X( 4 MHz)— X CL k(32. 768kHz) (LM 7 : 0—1) 

Clock X halt(X c in operation) (SM 6 : ) 

Internal clock halt(WIT instruction) 

4 
(-►Timer 1 (clock count) overflow 

1 
Internal clock operation start (WIT instruction released) 

S 



Clock processing routine 



— Operating at 32. 768kHz 



-Internal clock halt (WIT instruction) 
Interrupts from INT 1t timer 2, timer 3 or serial I/O, INT 2l Key on wake up 
Internal clock operation start (WIT instruction released) 
Program start from interrupt vector 
Unsystem clock X oscillation start (SM 6 : 1 ) 



i 



Oscillation rise time routine (software) 



♦-Operating at 32. 768kHz 



1 



Internal clock 4> source switching (X C -*X) ( LM 7 : 1 — ) 



Normal program —Operating at4MHz 



STP instruction preparation (pushing register ) 



1 
Timer 1 , and timer 2 interrupt disable, timer 2 interrupt request clear (TM 6 = ,IM 5 = , IM 4 = ) 

Timer 1 count stop bit resetting (TM 5 = ) 

Clock X and clock for clock function X c halt (STP instruction) 



RAM backup status 



Interrupts from INTt or serial I/O, INT 2 , Key on wake up 

Clock X and clock for clock function X c oscillation start 

Timer 2 overflow (X/1 6 or X c /8- timer 1 —timer 2 ) 
(Automatically connected by the hardware) 

Internal system clock start (X/4 or X c /2- 0) 

Program start from interrupt vector 



Normal program 



S 
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1 • 4> '- X| N /4— X C in/2 (timing diagrams are shown situation A~C, because there are three kinds of waveform by the timing) 



Situation A _____'_'. 

XlN ^jnJTJTJ^J^JT-TLrU 

_ I I 

(1 — LM 7 )R/W 



I I 

I I 

X C1N 1 /l 



I 



I 1 I- 

SYNC 1 - i | 



Si,ua :r _fTii_rirLrLn_rLn_ 

(1 — LM 7 )R/W 



r=r 



r — i i f i — > 

i 1 — 

SYNC • | 



Situation C 



(1— LM 7 ) R/W 



JTrUUTJlfLTLTL 

~~i i ! 



SYNC 



2.0: x CIN /2 — x, N /4 



(0-LM 7 )R/W 

CI 



TjiTLTiruijnjiJTriJiJiJL^ 

tzii ^=— 



XciN 



icz/l 1 i l 

tZJ! : 1 



Note 1 : The "L" period of the R/W signal is shown the writling timing of setting value to LM 7 . 
2 '. The delay of timing is ignored. 



Fig.29 Timing diagram of the changing system clock 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1 ). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
sturction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution "of the BBC and BBS instructions. 

(3) When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers either 
while the input of the these timers are not changing or 
after timer 4, 5 count stop bit (bit 6 of address 00F8 16 ) 
is set to "1". 

Also, when the timer 1, timer 2, or timer 3 is input the 
clock except 0/4 or it divided by timer, control the 
same as above. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC.CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of, 
a PLP instruction. 

(6) When LCD turn-on bit (bit 3 of address 00F5 16 ) of the 
LCD mode register is "1", don't stop the timers or count 
source for timers. 

(7) The serial I/O counter must be initialized (write to 
00F7 16 ) after switching the transfer clock source. 

(8) When using an external clock as the transfer clock 
source, the Serial I/O counter must be initialized while 
the external clock is at "H" level. 

(9) The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in- 
struction. 

(10) When using pins P3 and P3 : as clock I/O pins, the 
pull-up option must not be used. 

(11) Notes on controlling the clock generation circuit 

© When system clock is changed X iN /4to X C in/2, set LM 7 

to "1" after oscillation is stable by the software in side 

of clock X c . 
© When system clock is changed X c , N /2 to X, N /4, set LM 7 

to "0" after oscillation is stable by the software in side 

Of clock X. 
® When SM 5 is "0" or when LM 7 is "0" and SM 6 is "0", 

LM 6 is automatically set to "0" by the hardware. 
When system clock selection bit (bit 7 of address 

00F5 16 ) of the LCD mode register is "1", don't ,set SM 5 

to"0". 
© In single-chip mode, the Xqut pin uses as Xqut output 

except setting value of LM 5 . 
© The other than single-chip mode and the input voltage 

for RESET pin is 10V, X OU t pin uses as SYNC output 

except setting value of LM 5 . 
Just for reference, timing diagram of the changing system 
clock are shown in Figure 29. 



DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3sets 

Write the following option on the mask ROM confirmation 

from 

• Port P0 pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit 

• Port P3 pull-up transistor bit 

• Port P3 5 /S ut output format 

• CNTR pin pull-up transistor (M50932-XXXFP only) 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


Output transistor are "off" 


—0.3—7 


V 


V, 


Supply voltage for LCD V L1 ~V L3 


-0. 3~Vcc+0. 3 


V 


V| 


Input voltage P0 — P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , X| N 


-0.3— V cc +0.3 


V 


V, 


Input voltage INT,, CNV SS 


' —0.3—7 


V 


V, 


Input voltage RESET, CNTR 


-0.3-13 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 

P3 ~P3 7 , COM ~COM 3 , SEG ~SEG 3 i 

XoUT 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage CNTR 


—0. 3— 7 


V 


Pd 


Power dissipation 


T a =25lC 


300 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Strage temperature 




-40-125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =2.7~5.5V, V ss =0V, Ta=-10~70T, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage (Note 1 ) 


f(X, N )=4.3MHz 


4.5 




5.5 


V 


f(X, N ) = 1.lMHz 


2.7 




5.5 


V ss 


Supply voltage 











V 


V, H 


"H" input voltage P0 ~P0 7 , P1 — PI7 
P3 , P3i (Note 2) 
P3 3 ~P3 7 (Note3), P4 ~P4 7 
RESET, X| N> CNVss 




0. 7V CC 




V C c 


V 


V, H 


"H" input voltage P2 ~P2 7 , P3 2 , P3 6 (Note 4 ) 
lNt7, CNTR 




0. 74V CC 




Vcc 


V 


V, L 


"L" input voltage P0 ~P0 7 , P1 ~P17 
P3 , P3i (Note 2) 
P3 3 ~P3 7 (Note 3 ), P4 ~P4 7 
CNVss 









0. 3V CC 


V 


V IL 


"L" input voltage P2 ~P2 7 , P3 2 , P3 5 (Note 4 ) 
INtT, CNTR 









0. 26V CC 


V 


V, L 


"L" input voltage RESET 









0.12V CC 


V 


V, L 


"L" input voltage Xin 




L ° 




0. 16V CC 


V 


'OH 


"H" output current P0 ~P0 7 , P1 ~P17, P2 — P2 7 
P3 ~P3 7 (Note5),X O uT 








-2 


mA 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 — PI7, P2 — P2 7 
P3 ~P3 7> CNTR, X OUT (Note6 ) 








10 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1o~P1 7 
P2 ~P2 7) P3 ~P3 7 
CNTR, X OUT (Note7) 








5 


mA 


f(x, N ) 


Clock oscillating frequency (Note 8 ) 


V cc =4. 5-5. 5V 


■ 64 




4300 


kHz 


V cc =2. 7-5. 5V 


64 




1100 


f(x CIN ) 


Clock oscillating frequency for clock function (Note 8 ) 




32 




50 


kHz 



Note 



When only maintaining the RAM data, minimum value of V cc is 2 V. 

When using port P3! as X C | N . 0.85V C c^V, H ^V CC) ^V, L ^0. 15V CC tor port P3t. 

In this case of using port P3 6 as normal input. 

In this case of using port P3 6 as CLK input. 

Especially when the input oscillation frequency is more than 50kHz, recommend the following : 

0. 8V C c^V,H^Vcc, ^V IL ^0. 2V CC 

The total of I Q h of port P0, P1, P2, P3 and X OU t should be 35mA max. 

The total of l i_ (peak) of port P0, P1, P2, P3 should be 55mA max, and the total of 

Iol (peak) of port P3, CNTR, and X ut should be 45mA max. 

Iol (avg) is the average current in 100ms. 

When changing the contents of the most significant bit at address 00F5 16 , 

f(X, N ) needs the following range ." f(X| N )>3f(X C | N )- 
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ELECTRICAL CHARACTERICS <v S s=ov, i a =- 


-10~70°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3 ~P3 7 (Note9)(Note10) 


V CC =5V, l 0H =-2mA 


3 






V 


V CC =3V, l OH =-0 1 7mA 


2 






VqH 


"H" output voltage Xout 


V CC =5V, l 0H =-1.5mA 


3 






V 


V C c=3V, l OH =-0.3mA 


2 






Vol 


"L" output voltage P0 ~P0 7l P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 (Note10),CNTR 


V C c=5V, l OL =10mA 






2 


V 


V CC =3V, l 0L =3mA 






1 


Vol 


"L" output voltage X ut 


Vcc=5V, l 0L = 1.5mA 






2 


V 


Vcc=3V, l OL =0.3mA 






1 


V t +-V t - 


Hysteresis WT h CNTR 


V CC =5V 


0.25 




1 


V 


V CC =3V 


0.15 




0.7 


V t +-V t - 


Hysteresis P36 


When used as 

CLK input 


V CC =5V 




0.5 




V 


V CC =3V 




0.4 




V t +-V t _ 


Hysteresis P3i 


When used as 

Xcin input 


V CC =5V 




0.7 




V 


V CC =3V 




0.5 




V T +-V T _ 


Hysteresis P2 ~P2 7 , P3 2 


V CC =5V 




0.5 




V 


V CC =3V 




0.4 




V T +-V T _ 






V CC =5V 




0.5 


0.7 


V 






V CC =3V 




0.35 




V T +-V T - 


Hysteresis X, N 


V CC =5V 




0.5 




V 


V CC =3V 




0.35 




I.l 


"L" input current P4 ~P4 7 (except reset state) 

(P0 ~P0 7 , P1 ~P1 7l P2 ~P2 7 , P3 ~P3 7 , 
CNTR (Note 12)| without pull-up Tr. 
CNTR (Note 11), INTl RESET, X, N 


V CC =5V 
V,=0V 






-5 


juk 


V CC =3V 
V,=0V 






-4 


IlL 


"L" input current |P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7 , 
CNTR (Note 12)| with pull-up Tr. 


V C c=5V, V,=0V 


-30 


-70 


-140 


MA 


Vcc=3V, V,=0V 


—6 


-25 


-45 


I.L 


"L" input current P4 ~P4 7 (at reset state) 


V CC =5V, V L3 =5V, V,=0V 


-30 




-140 


juA 


V CC =3V, V L3 =3V, V,=0V 


-6 




-45 


I.H 


"H" input current P4 ~P4 7 (except reset state) 
POo~P0 7 , P1 ~P1 7l P2o~P2 7 , 
P3 ~P3 7 , CNTR, INT 1( RESET, 

X|N 


V CC =5V 
V,=5V 






5 


juA 


V CC =3V 
V,=3V 






4 


I.H 


"H" input current P4 ~P4 7 (at reset state) 


V CC =5V, V L3 =5V, V,=5V 






5 


juA 


V CC =3V, V L3 =3V, V,=3V 






4 


Room 


Output impedance COM ~COM3 


V L i=V cc /3 

V L2 =2V L1 , 

V L3 =Vcc 

Other COM, SEG 

pins are opend. 


V CC =5V 


30 


200 


2000 


n 


V CC =3V 


70 


500 


4000 


Rs 


Output impedance SEG ~SEG 31 


V CC =5V 




2 




kn 


V CC =3V 




3 




'cc 


Supply current 
(at operation) 


Output pin are opened. 
RESET, P0 ~P0 7 , 
P1 ~P1 7 , P2 ~P2 7 , 
and P3 ~P3 7 are 
connected to V C c- 
Except the above pins 
are connected to V S s- 
However, Xin and X C in 
are input signal according 
to the conditions. 


f(X, N )=4MHz, V CC =5V 




3 


6 


mA 


f(X, N ) = lMHz, V CC =3V 




0.4 




T a =25°C 
X, N =0V 

f(XciNi)=32.8kHz 
at low power mode 
(LM 6 =D 


V CC =5V 




45 




M A 


V CC =3V 




18 




Ice 


Supply current 
(at wait state) 


f(X, N )=4MHz, V CC =5V 




1 




mA 


f(X, N ) = lMHz, V CC =3V 




0.2 




T a =25t 
X, N =0V 

f(X C iN)=32.8kHz 
at low power mode 

(LM6 = U 


V CC =5V 




20 


60 


M A 


V CC =3V 




4 


12 


'cc 


Supply current 


f(X| N )=0 

f(X C IN)=0 

V CC =5V. 


T a =25°C 




0.1 


1 


U A 


T a =70°C 






10 


Vram 


RAM retention voltage 


f(X, N )=0,f(XciN)=0 


2 




5.5 


V 



Note 9 
10 
11 
12 



Except when the output type of P3 5 is N-channel open drain (mask option). 
If P3 is used as X C out. capability of load driving is lower than the above, 
for M50930-XXXFP and M50931-XXXFP 
for M50932-XXXFP 
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TIMING REQUIREMENTS 

Memory expanding mode and microprocessor mode (v co =5v±io%, v ss =ov, T a =25c) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


t su (P2D-$ 


Port P2 input setup time 




270 






ns 


t su (P3D-0) 


Port P3 input setup time 




270 






ns 


t su (P4D-^) 


Port P4 input setup time 




270 






ns 


twi 


INTi, INT 2 external clock input pulse width 




1 






MS 


V CC =2.7V 


4 






MS 


t\A/R 






2 






MS 


RESET external clock input pulse width (Note 13) 


V CC =2.7V 


8 






MS 


t h (^-P2D) 


Port P2 input hold time 




20 






ns 


th(0-P3D) 


Port P3 input hold time 




20 






ns 


th (0-P4D) 


Port P4 input hold time 




20 






ns 


tc 


External clock input cycle time (X| N pin) 




250 






ns 


t w 


External clock input pulse width (X| N pin) 




75 






ns 


tr 


External clock rising edge time (X| N pin) 








25 


ns 


tf 


External clock falling edge time (X| N pin) 








25 


ns 


tec 


External clock input cycle time (P3i/XciN pin, Xcin) 




20 






MS 


twe 


External clock input pulse width {P3^/X C m pin, X C in) 




5 






MS 


trc 


External clock rising edge time (PS^Xcin pin, Xcin) 








6.2 


MS 


tfc 


External clock falling edge time (PSt/Xcin pin, X C in) 








6.2 


MS 



Note 13 : Hold RESET to "L" level while eight or more rise pulses are input from X )N . 

SWITCHING CHARACTERISTICS 

Memory expanding mode and microprocessor mode (v cc =5v±io%, v ss =ov, T a =25c) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


t d U-P0A) 


Port P0 address output delay time 


Fig. 30 






250^ 


ns 


td(tf-P1A) 


Port P1 address output delay time 






250 


ns 


t d U-P2Q) 


Port P2 data output delay time 






330 


ns 


t d (0-P2QF) 


Port P2 data output delay time 






300 


ns 


t d (tf-R/W) 


R/W signal output delay time 






tcyc/4 
+200 


ns 


td(0"R/WF) 


R/W signal output delay time 






250 


ns 


t d (0-SYNC) 


SYNC signal output delay time 






250 


ns 


t d (<4-P3Q) 


Port P3 data output delay time 






250 


ns 




Fig.30 Port PO, P1, P2, P3, SYNC (X OU t) test circuit 
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TIMING DIAGRAMS 

In memory expanding mode and microprocessor mode 



Port P1 6 output 



Port PO output 



PortP1 ~P1 5 
output 



Port P2 output 



Port P2 input 



PortP1 7 output (R/W) 



Xqut output 

(at setting to SYNC output) 



Port P3 output 



Port P3 input 



Port P4 input 





l c 

<= 


/c 

: ^ 




/ 


/ 


\ 


f 




> 
>< 


^ tdU-POA) 








r 




X 


^ 


■^ — td(0-piA> 








/ 




X 










> 


«^— td((»-P2Q) 


-^ 


"^ t d(0-P2QF) 




jS Floating 


^ 


X 






tsU(P2D-0) 


X 


\ 


-> 


'(j(0-R/W) 






^ — th(<*-P2D) 
<C , ^d(0-R/WF) 




/ N 


\ 




/ 




>1 

> 


^ ^d(0.SYN 


z) 








r 




X 


-^ 


^ l d((*-P3Q) 








r 














tsU(P3D-(«) —^ 










r 


\ 






tsU(P4D-<4) ^- 

X 


^ — t|"lU-P3D) 




' 


^ 


X 


















^ th((*-P4D) 
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INTl INT 2 input 



\ 



X 



RESET input 



X 



X| N input f (X|N ) t (X|N ) 



t w 



\ 



x 



P3i/X C | N input 
(at using X CIN ) 



<- 



f (X C IN) 



<r 



-tfc 



X 
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DESCRIPTION 

The M50940-XXXSP and the M50941 -XXXSP are single- 
chip microcomputer designed with CMOS silicon gate 
technology. Both are housed in a 64-pin shrink plastic 
molded DIP. 

These single-chip microcomputers are useful for business 
equipment and other consumer applications. 
In addition to their simple instruction set, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50940-XXXSP and the 
M50941 -XXXSP are noted below. The following explana- 
tions apply to the M50940-XXXSP. Specification variations 
for other chips, these are noted accordingly. 



Type name 


ROM size 


RAM size 


, M50940-XXXSP 


4096 bytes 


128 bytes 


M50941-XXXSP 


8192 bytes 


192 bytes 



The differences between the M50940-XXXSP and the 
M50940-XXXFP are the package outline and the power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size ROM 4096 bytes (M50940-XXXSP) 

81 92 bytes ( M50941 -XXXSP) 

RAM 128 bytes (M50940-XXXSP) 

1 92 bytes ( M50941 -XXXSP) 

• Instruction executing time 

'•'•-2jus (minimum instructions, at4MHz frequency) 

• Single power supply f(X, N )=4MHz 5V±10% 

f(X, N ) = 1MHz- 3-5.5V 

• Power dissipation 

normal operation mode (at4MHz frequency) ••••15mW 
low-speed operation mode (at 32kHz frequency for 
clock function) 0.3mW 

• Subroutine nesting 64 levels (Max.) 

• Interrupt 8types, 5 vectors 

• 8-bit timer -3 (2 when used as serial I/O) 

• 16-bit timer ••■•-, 1 (Two 8-bit timers make one set) 

• Programmable I/O ports (Ports P3, P4) 16 

• Input ports (Ports IN, R) • 12 

• High-voltage output ports ( Ports P0.P1) 16 

• High-voltage programmable I/O ports (Port P2) 8 

• Serial I/O (8-bit) ••••■ 1 

• A-D conversion 8-bit, 8 channel 

• PWM function 1 

• Two clock generator circuits (One is for main clock, the 
other is for clock function) 

APPLICATION 

Microwave oven, Air conditioner, Fan heater 

Office automation equipment, Copying machine, Medical 

instruments 

VCR, TV, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 
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FUNCTIONS OF 


M50940-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4. 2MHz (main clock input), 32kHz (for clock function) 


Memory size 


ROM 


4096bytes (8192bytes for M50941-XXXSP) 


RAM 


1 28bytes ( 1 92bytes for M50941 -XXXSP) 


Input/Output port 


PO, P1 


Output 


8-bitX2 


P2 


I/O 


8-bitXl 


P3, P4 


I/O 


8-bitX2 


IN 


Input 


8-ch analog input (This port is in common with 8-bit parallel digital input) 


R 


Input 


4-bitXl 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX3, (2 when serial I/O is used) 


16-bit timerXI, (combination of two 8-bit timers) 


Subroutine nesting 


64 Levels (max) (96 Levels (max.) for M50941 -XXXSP) 


Interrupts 


Two external interrupts, three timer interrupts (or two timers, one serial I/O) 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10%(at f(X, N )=4MHz), 3.0~5.5V(at f(X, N )^1.0MHz) 


Power dissipation 


At high-speed operation 


15mW(atf(X| N )=4MHz) 


At low-speed operation 


0.3mW(atf(Xci N )=32kHz) 


At stop mode 


\n A (at clock stop) 


Input/Output 
characteristics 


Input/Output voltage 


5V(port P3, P4) 


V cc -36V(portP0, P1, P2) 


Output current 


— 12mA (port PO, P1, P2: high-voltage P-channel open drain output) 


-5~+10mA (port P3, P4: CMOS tri-state output) 


Memory expansion 


Possible 


Operating temperature range 


-10~70T 


Device structure 


CMOS silicon gate 


Package 


M50940-XXXSP, M50941-XXXSP 


64-pin shrink plastic molded DIP 


M50940-XXXFP, M50941-XXXFP 


72-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V cc . and OV to V ss . 


CNVss 


CNVss 




This is usually connected to V S s- 


V P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports PO, P1 and P2. 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2^s (under normal V C c 
conditions). If more time is needed for the crystal oscillatior to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xin and X 0U t pins. If an external 
clock is used, the clock source should be connected the X, N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


<t> 


Timing output 


Output 


This is the timing output pin. 


XciN 


Clock input for 
clock function 


Input 


This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or quartz crystal oscillator is connected between the X C in and Xcout pins. If an external 
clock is used, the clock source should be connected to the X C in pin and the Xcout pin should be left open. 
This clock can be used as a program controlled the system clock. 


XcOUT 


Clock output for 
clock function 


Output 


P0 ~P0 7 


Output port PO 


Output 


Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built-in between the V P pin and this port. 
At reset, this port is set to a "L" level. 


P1o~P1r 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is P-channel open drain. A pull- 
down transistor is built-in between the V P pin and this port. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port with CMOS tri-state output. The other functions are basically the same as port 
P2. P3o, P3l P32 and P3 3 pins are in common with INT2, INT^ T 2) and Ti, respectively. When serial I/O is 
used, P3 7) P3 6 , P3 5 , and P3 4 work as S RDY , CLK, Sout. and Sin, pins, respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port with CMOS tri-state output. The other functions are basically the same as port 
P2. 


Ro — R3 


Input port R 


Input 


Port R is a 4-bit input port. 


IN ~IN 7 


Analog input port IN 


Input 


Port IN is the analog input pin to the A-D converter. It also has a dual function and works as a normal input 
port. 


AVcc 


Voltage input for A-D 




This is the power supply input pin for the A-D conveter. 


V REF 


Reference voltage 
input 


Input 


This is the reference voltage input pin for the A-D conveter. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50940-XXXSP is shown in Figure 1. 
Addresses F000 16 to FFFF 16 are assigned to the built-in 
ROM area which consists of 4096 bytes (8192 bytes for 
M50941-XXXSP). Addresses FF00 16 to FFFF 16 are a special 
address area (special page) . "By using the special page 
addressing mode of the JSR instruction, subroutines 
addressed on this. page can be called with only 2 bytes. 
Addresses FFF4 16 to FFFF 16 are vector addresses used for 



the reset and interrupts (see interrupt chapter). Addresses 
0000 16 to 00FF 16 are the zero page address area. By using 
the zero page addressing mode, this area can also be 
accessed with 2 bytes. The use of these addressing 
methods will greatly reduce the object size required. 
The RAM, I/O port, timer, etc. addresses are already 
assigned for the zero page. Addresses 0000 16 to 007F 16 are 
assigned for the built-in RAM which consists of 128 bytes 
(192 bytes for M50941-XXXSP) of static RAM. This RAM is 
used as the stack during subroutine calls and interrupts, in 
addition to data storage. 



Zero page < 



RAM 

(192 bytes) 

for 

M50941-XXXSP 


RAM 
' (128 bytes) 

for 
M50940-XXXSP 


t UUUUi 6 

I 007F 16 


; 


00BF 16 






00E0 16 
nncp. 



ROM 

(8192 bytes) 

for 

M50941-XXXSP 



< ROM 

(4096 bytes) 
for 
M50940-XXXSP 



E000 1( 
F000 1( 



f FF00 16 



Special page 

for 

subroutine 

call 



FFF4 1e 



v FFFF,. 





Not used 




Not used 






Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 



Decimal 




127 



255 

\ 
\ 



\ 
\ 

INTa \ 
Serial I/O or \ 
Timer3 \ 
Timer2 \ 



65535 



INTt 
RESET 



\ 



00E0 16 


Port P0 


00E1 16 




00E2 16 


PortPI 


00E3 16 




O0E4 16 


Port P2 


00E5 16 


n , nn directional 
PortP2 register 


00E6 16 




00E7 16 




00E8 16 


Port P3 


00E9 16 


P^rt wi directional 
Port P3 re gi S ter 


00EA 16 


Port P4 


00EB 16 


n^^- aA directional 
PortP4 agister 


00EC 16 


Port IN 


00ED 16 




00EE 16 




00EF 16 


A-D register 


00F0 16 


| Port R 


00F1 16 




00F2 16 


A-D start address 


00F3 16 


A-D control register 


00F4 16 




00F5 16 


Timer 4, 5 control register 


0OF6 16 


Serial I/O mode register 


00F7 16 


Serial I/O register 


00F8 16 




00F9 16 


Timer 1 


00FA 16 


Timer2 


00FB 16 


Timer 3 


00FC 16 


Timer 4 


00FD 16 


Timer 5 ■> 


00FE 16 


Interrupt control register 


\ 00FF 16 


Timer control register 



Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, input/out- 
put, etc., is executed mainly through the accumulator. 

INDEX REGISTER X (X) 

The index register X is an 8-bit register. In the index regsi- 
ter X addressing mode, the value of the OPERAND added 
to the contents of the index register X specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 



INDEX REGSITER Y (Y) 

The index register Y is an 8-bit register. In the index regis- 
ter Y addressing mode, the value of the OPERAND added 
to the contents of the index register Y specifies the real 
address. 



7 


A 


7 


X 


7 


Y 


7 


S 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



PC H 



PC L Program counter 



Processor status register 

- Carry flag 

- Zero flag 

- Interrupt disable flag 



"Decimal mode flag 

- Break flag 

- Index X mode flag 

- Overflow flag 

- Negative flag 



Fig.2 Register structure 



MITSUBISHI 
.ELECTRIC 



2-305 



MITSUBISHI MICROCOMPUTERS 

M50940-XXXSP/FP 
M50941-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



STACK POINTER (S) 

The stack pointer is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine, calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
When an interrupt occurs, the higher 8 bits of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8 bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 
the return from interrupt instruction (RTI) is executed, the 
program counter and. processor status register data is pop- 
ped off the stack in reverse order from above. 
The Accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the accumulator to its 
previous value is accopmlished by the Pop Accumulator in- 
struction (PLA). It is executed in the reverse order of the 
PHA instruction. 

The contents of the. Processor Status Register (PS) are 
pushed and popped to and frome the stack with the PHP 
and PLP instructions, respectively. 

During a subroutine call, only the Program Counter is 
pushed into the stack. Therefore, any registers that should 
not be destroyed should be pushed into the stack manually. 
To return from a subroutine call, the RTS instruction is 
used. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 
Carry flag (C) , Zero flag (Z) , Overflow flag (V) or the 
Negative flag (N). Each bit of the register is explanined 
below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic Logic Unit (ALU) immediately after an op- 
eration. It is also changed by the shift and rotate instruc- 
tions. The set carry (SEC) and clear carry (CLC) instruc- 
tions allow direct access for setting and clearing. this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
falg will be set to "0". If the result is not zero, the zero flag 
will be set to "1". 



3. Interrupt disable flag (I) 

This falg is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt is 
accepted, this flag is automatically set to "1" to prevent 
from other interrupts until the current interrupt is completed. 
The SEI and CLI instructions are used to set and clear this 
flag, respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is "0", the operations are ex- 
ecuted in binary. Decimal correction is automatically ex- 
ecuted. The SED and CLD instructions are used to set and 
clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the B flag will 
be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator) . 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the T flag, respectively. 

7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the V flag. The overflow flag is reset by the CLV 
instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is "1"). Whenever the BIT 
instruction is executed, bit 7 of the memory. location is input 
to the N flag. There are no instuctions for directly setting or 
resetting the N flag. 
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INTERRUPT 

The M50940-XXXSP can be interrupted from eight sources; 
INT 1( timer 1 or A-D, timer 2, timer 3 or serial I/O, and the 
INT 2 or BRK instruction. 

The value of bit 2 of the serial I/O mode register (address 
00F6-| 6 ) determines whether the interrupt is from timer 3 or 
from serial I/O. When bit 2 is "1" the interrupt is from serial 
I/O, and when bit 2 is "0" the interrupt is from timer 3. Also, 
when bit 2 is "1", parts of port 3 are used for serial I/O. Bit 
3 of the A-D control register (address 00F3 16 ) determines if 
an interrupt is from timer 1 or from the A-D. When bit 3 is 
"0", the interrupt is from timer 1, when bit 3 is "1" the inter- 
rupt is from the A-D. These interrupts are vectored and 
their priorities are shown in Table 1. Reset is included in 
this table since it has the same function as an interrupt. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag (I) is 
set, the program jumps to the address specified by the in- 
terrupt vector, and the interrupt request bit is cleared auto- 
matically. The Reset interrupt is the highest priority inter- 
rupt and can never be inhibited. Except for the Reset inter- 
rupt, all interrupt are inhibited when the interrupt disable 
flag is set to "1". All of the other interrupts can further be 



controlled individually via the interrupt control register 
shown in Figure 3. An interrupt is accepted when the inter- 
rupt enable bit and the interrupt request bit are both "1". 
and the interrupt disable flag is "0". The interrupt request 
bits are set when the following conditions occur: 

(1 ) When the INT^ or ~\UT 2 pins go from "H" to "L" 

(2) When the contents of timer 1, timer 2, timer 3 (or the 
serial I/O counter) go to "0". 

These request bits can be reset by the program but can not 
be set. 

Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



Table 1. Interrupt vector address and priority. 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16l FFFE 16 


INT, 


2 


FFFD 16 , FFFC 16 


Timer 1 or A-D 


3 


FFFB 16> FFFA 16 


Timer 2 


4 


FFF9 16 , FFF8 16 


Timer 3 or serial I/O 


5 


FFF7 16l FFF6 16 


INT 2 (BRK) 


6 


FFF5 16 , FFF4 16 



r-a= 

rd= 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : INTt pin interrupt request bit 

Bit 6 : IN"^ pin interrupt enable bit 

Bit 5 '. Timer 2 interrupt request bit 

Bit 4 : Timer 2 interrupt enable bit 

Bit 3 : Timer 3 interrupt or seriall/O interrupt request bit 

Bit 2 : Timer 3 interrupt or seruial I/O interrupt enable bit 

Bit 1 : INT 2 pin interrupt request bit 

Bit : INT 2 pin interrupt enable bit 



Interrupt 
request 



r<f , 



I — Intprrunt riisahlp 



7 



Interrupt disable flag I 



Timer control register (Address 00FF 16 ) 
Bit 7 : Timer interrupt or A-D interrupt request bit 
Timer 1 inter?upt or A-D interrupt enable bit 
Timer 1 '. count stop bit 
Timer 3 count source selection bit 
Timer 2 count source selection bit 
Timer count source selection bit 



Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit 1 
BitO 



Processor mode bit 



Fig.3 Interrupt control 



MITSUBISHI 
.ELECTRIC 



2-307 



MITSUBISHI MICROCOMPUTERS 

M50940-XXXSP/FP 
M50941-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMER 

The M50940-XXXSP has five timers; timer 1, timer 2, timer 
3, timer 4 and timer 5. Since P 3 (in serial I/O mode) and 
timer 3 use some of the same architecture, they cannot be 
used at the same time (see serial I/O section). The count 
source for each timer can be selected by using bit 2, 3 and 
4 of the timer control register (address 00FF 16 ), as shown in 
Figure 5. For more details about timer 4 and timer 5, see 
the PWM section. 

A block diagram of timer 1 through 5 is shown in Figure 5. 
All of the timers are down count timers and have 8-bit 
latches. When a timer counter reaches "0", the contents of 
the reload latch are loaded into the timer and the next 
count pulse is input to a timer! The division ratio of the tim- 
ers is 1/(n-f 1), where n is the contents of the timer latch. .'. 
The timer interrupt request bit is set to "1" at the next 
clock pulse after the timer reaches "0". The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see Interrupt section) . The starting/ 
stopping of timer 1 can be controlled by bit 5 of the. timer 
control regsiter. If bit 5 (address 00FF 16 ) is "0", the timer 
starts counting and when bit 5 is "1", the timer stops. 
After a STP instruction is executed, timer 2, timer 1 , and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of the 2 through 3 of the timer control register). 
This state is canceled if the timer 2 interrupt request bit is 
set to "1", or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 1, 
count stop bit) , and bit 4 of interrupt control register (timer 
2 interrupt enable bit) bit 6 of the timer control register 
(timer 1 interrupt enable bit) must be set to "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 



J Timer control register (Address 00FF 16 ) 



Processor mode bit 

00 '. Single-chip mode 

01 .'Memory expanding mode 

10 : Microprocessor mode 

1 1 : Eva-chip mode 

Timer 1 count source selection bit 

! divided by 4 

1 : X C | N (clock for clock function) 
Timer 2 count source selection bit 

: Timer 1 overflow signal 

1 : Xcin (clock for clock function) 

• Timer 3 count source selection bit 

: divided by 4 

1 : Timer 2 overflow signal 

- Timer 1 count stop bit 

: Count start 

1 *. Count stop 

■ Timer 1 or A-D interrupt enable bit 

'. Interrupt disable 

1 '. Interrupt enable 

Timer 1 or A-D interrupt request bit . 

: No interrupt request 

1 : With interrupt request 



Fig.4 Structure of timer controj register 
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P3 latch 



P33/T, Q- 



P3 6 Q 



SM 4 
CLK 



(5t 



SMi SM; 

SqUT 



<-+ 



Timer 1 latch (8) 




u 



j_ 



TM 3 



Timer 2 latch (8) 
8* 



Timer 2 (8) 

— C~i 



a 7 8 



j> 



TM 4 



Timer3latch(8) 
8l 



Timer 3 (8) 



1/2 



SMl SM 
h . 00, 01 : External clock 
}[ 10:1/2 of timer 3 



11 :i/4of 



Syrrc. 
clock 



P3 5 Q 



t 



SM 2 



^O 



e r-SM 3 

P3 7 Q^^_ 



Serial I/O 
counter (3) 



Serial I/O 
register (8) 

— dTJ 



Timer 4 latch (8) 



Timer 4 (8) 



JL 



Timer 5 latch (8) 



TC 1 



JLL. 



Timer 5 (8) 



L 



P3 2 /T 2 Q* <5 



TC 



Data bus 



Timer 1 or A-D interrupt bit 



Timer 2 interrupt request bit 



^C — »~ Timer 3 or serial I/O interrupt request bit 



M 



Selection gate (at reset the shaded 
side is connected.) 



TM : Timer control register 
SM : Serial I/O mode register 
TC : Timer 4, 5 control register 
ADM: A-D control register 



1/2 



-4 



Td 



Fig.5 Block diagram of timer 1 through 5 
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PWM 

The M50940-XXXSP has a pulse width modulated (PWM) 
output control circuit. The circuit outputs a variable duty cy- 
cle signal that can be used for a programmable pulse width 
and frequency. Timers 4 and 5 are used for the PWM. The 
control of these timers is explained in Figure 6 and the rec- 
tangular waveform is shown in Figure 7. 
At reset, the PWM output is in a floating state. When timers 
4 and 5 are not used for PWM control, they can be cas- 
caded and used as a 16-bit timer. However, when used as 
a 16-bit timer, the interrupt function (such as timer 1 
through timer 3) cannot be used. 



CI 



Timer4,5 

Control register (address 00F5 16 ) 

P3 /T 2 Output selection -bit 

: P3 2 (parallel port) 

1 : T 2 (timer output) 



Timer 4, 5 function mode select bit 

: Timer mode 

1 : PWM mode 



Fig.6 Structure of timer 4, 5 control register 



















PWM 








Timer5 










Timer 4 










Timer 4+ Timer 5 

















Fig.7 PWM rectangular wave form 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 8. In 
the serial I/O mode, the receive ready signal (S RDY ), syn- 
chronous input/output clock (CLK) , and the serial I/O 
(Sout. S| N ) pins are used as P3 7 , P3 6( P3 5 , and P3 4 , re- 
spectively. 

The serial I/O mode register, (address 00F6 16 ) is an 8-bit 
register. Bits 1 and of this register is used to select a syn- 
chronous clock source. When these bits are (00) or [01] , 
an external clock from P3 6 is selected. When these bits are 
(10), the overflow signal (from timer 3) divided by two be- 
comes the synchronous clock. Therefore, changing the tim- 



er period will change the transfer speed. When the bits are 
(11) , the internal clock divided by 4 (ie. 4^s at 4MHz) 
becomes the clock. . 

Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous is 
selected, the clock is output from P3 6 . If an external syn- 
chronous clock is selected, the clock is input to P3 6 . And 
P3 5 will be a serial output and P3 4 will be a serial input. To 
use P3 4 as a serial input, set the directional register bit 
which corresponds to P3 4 , to "0". For more information on 
the directional register, refer to the I/O pin section. 



Internal 

clock — I 1/4 



^QjaEL^ 



P3, 



o- 



P3 5 (> 
P3.Q- 



From internal clock <f> 
by 4 or 
timer 2 



ts 



Q 



t. 



Timer 3 

(8) 



Prescaler 




(address 00FB 16 ) 



Serial I/O counter (3) 



Transfer clock 



MSB Serial I/O register (8) LSB 

(address 00F7 16 ) J"f 

Data bus 



D 



Internal system clock - 
source selection bit 
0:x IN 

1 • X C |N 



Clock (X| N -Xout) stop bit - 

: oscillation 

1 : stop 



P3 3 /T1 output selection bit - 
: Normal I/O port 




to timer 3 or 
serial I/O 
interrupt 
request bit 



Serial I/O mode register 
(address 00F6 16 ) 



: Timer 3 overflow signal divided by 2 



Synchronous clock selection bit 

oo : | 

External clock 

10 ." Timer 3 overflow signal divided by 2 

11 '. Timing <f> divided by 4 



Serial I/O port selection bit (P3 5 , P3 6 ) 

.* Normal I/O port 

1 : Serial I/O port 



Srdy signal output selection bit (P3 7 ) 

: Normal I/O port 

1 '. S RDY signal output pin 



Fig.8 Block diagram of serial I/O 
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To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 3. bit 3 de- 
termines if P3 7 is used as an output pin for the receive data 
ready signal (bit 3='T\ S RDY ) or used as a normal I/O pin 
(bit3="0"). 

The function of the serial I/O differs depending on the 
clock source; external clock or internal clock. 
Internal clock— The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister. After the falling edge of the write signal, the S RDY sig- 
nal becomes low signaling that the M50940-XXXSP is ready 
to receive the external serial data. The S RDY signal goes 
"H" at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial I/O 
register. At each falling edge of the transfer clock, serial 



data is output to P3 5 . During the rising edge of this clock, 
data can be input from P3 4 and the data in the serial I/O 
register will be shifted 1-bit. Data is output starting with the 
LSB. After the transfter clock has counted 8 times, the se- 
rial I/O register will be empty and the transfter clock will 
remain at a high level. At this time the interrupt request bit 
will be set. 

External clock— If an external clock is used, the interrupt 
request will be set after the transfter clock has counted 8 
times but the transfter clock, will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 9, and connections 
between two M50940-XXXSPs' are shown in Figure 10. 



Synchronous clock 



Transfer clock 



Serial I/O register 
write signal 

Serial I/O output 
Sout 

Serial I/O input 

S|N 

Receivable signal ■ 
Srdy 



i 



l^^t^ 



X^XZXSOXZXZnDCE 



XZXZXDOOOOC 



l_r 



Interrupt request bit set 



Fig.9 Serial I/O timing 







Sen 


ding side 






Srdy 






Receiving side 




Serial I/O mode register 


P3 7 

P3 6 
P3 5 


P3 7 

P3 6 
P3 4 


Serial I/O mode register 




bit 3 bitC 


' 


Synchronous clock 


bit 3 bitC 









1 


1 







1 


1 





X 






Set the directional 
register for P3 7 pin 




Set the directional 
register for P3 4 pin 




in input mode. 


Serial data 


in input mode. 



























Fig. 10 Example of serial I/O connection 
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A-D CONVERTER 

The A-D converter circuitry is shown in Figure 11. The ana- 
log input ports of the A-D converter ( IN — IN 7 ) are in com- 
mon with the input ports of the data bus. 
The 6-bit A-D control register is located at address 00F3 16 . 
One' of the eight analog inputs is selected by bits 0, 1 and 2 
of this register, bit 3 selects the interrupt source, either from 
timer 1 or the A-D itself. It bit 3 is "0", then the interrupt re- 
quest is from timer 1, if it is "1", then it is from the A-D. 
A-D conversion is accomplished by first selecting the ana- 
log channel (bit 0, 1 ) to be converted, bit 3 should also be 
set to "1" to select the A-D as the interrupt source. The 
conversion is started when dummy data is written into 
address 00F2 16 . When the conversion is finished, an inter- 
rupt is generated by the A-D and the digital data can be 
read from the A-D register (address 00EF 16 ) . The end of 
the conversion is determined by either the A-D conversion 
end bit (bit 5 of the A-D control regiser) or an A-D interrupt 
request bit (Address 00FF 16 ). 



The A-D conversion can also be programmed for high or 
low speed conversions. This is accomplished by using the 
A-D conversion speed switch bit (bit 4 of the A-D control 
register). For more information on the electrical character- 
istics of the high and low speed conversions, refer to the 
electrical characteristics section. 

Port IN can also be used as an input port by reading data 
into address 00EC 16 . However, this cannot be done during 
A-D conversions. 
The A-D control register is shown in Figure 12. 



Data bus 



Z\ 



(address 00EC, 6 ) 



IN„Q- 
,N.O 



IN 2 Q- 

IN3Q- 



IN. 



IN 5 Q- 
IN 6 Q- 

in 7 Q- 



_^ 



J. 



^L 



-Z 



_^ 



^ 



-Z 



^ 



7\ 



7^ 



A-D control 
register 



Timer 1 



(address 00F3 16 ) 




O 

v ss 



A-D control 
circuit 



Successive 
approximation 

register 
(A-D register) 




(address 00EF 16 ) 



Switch tree 

1 



Ladder resistor ««£■ 



O 

Vref 



Fig. 11 A-D conversion circuit 
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7 

| | 111 1 1 1 I A-D control register (address 00F3 16 ) 



Analog input select bit 

000 : I N 

001 : IN, 

010 : IN 2 

011 : in 3 
100 : in 4 
101 : in 5 
110 : in 6 
in :in 7 



- A-D/timerl input select bit 

: Timer 1 

1 : A-D 

' A-D conversion speed switch bit 

: High speed * 

1 : Low speed 

- A-D conversion end bit 

'. Under conversion 

1 ' End conversion 



* High speed at =1 MHz 

Low speed at ^ =1 MHz 

Convert speed; \. AD =72jus 

Convert speed; t AD =288/us 



Fig. 12 Structure of A-D control register 
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RESET CIRCUIT 

The M50940-XXXSP is reset according to the sequence 
shown in Figure 15. And starts the program from the 
address formed by using the content of address FFFF 16 as 
the high order address and the content of the address 
FFFE 16 as the low order address when the RESET pin is 
held at "L" level for more than 2/us while the power voltage 
is in the recommended operating condition and the crystal 
oscillator oscillation is stable and then returned to "H" level. 



Address 

(1) Port PO register ( E 16 ) 

(2) Port P1 register ( E 2 16 ) 

(3) Port P2 directional register ( E 5 16 ) 

(4) Port P3 directional register ( E 9 16 ) 

(5) Port P4 directional register ( p d ) 

(6) Serial I/O mode register ( F 6 16 ) 

(7) A-D control register ( F 3 16 ) 

(8) Timer 4, 5 control register ( F 5 16 ) 

(9) Interrupt control register ( F E 16 ) 

(10) Timer cotrol register (FF 16 ) 

(11)* Interrupt disable (ps ) 

flag for precessor 
status register 



(12) Program counter ( p C H )- 
(PCJ- 



0i 



16 



16 



16 



16 



0i 6 



1 1 1 1 

I I 1 



16 



0, 



Contents of 
address FFFF16 



Contents of 
address FFFE16 



Since the contents of both registers other than those listed 
above (including timer 1, timer 2, timer 3, and the serial I/O 
register) and the RAM are undefined at reset, it is necessary 
to set initial values. 



The internal initializations following reset are shown in Fig- 
ure 13. 

An example of the reset circuit is shown in Figure 14. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X| N -X OU t becomes stable. 



M50940-XXXSP 






ov- 



ov- 



Power on 



'4.5V 



0.6V 



M50940-XXXSP 



RESET 



27 




Supply voltage 
detection circuit 



Fig. 14 Example of reset circuit 



Fig. 13 Internal state of microcomputer at reset 
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f(x) JUU 


IT. 


-Jl 


mnnnnr 


1 








RESET 1 








i i 


Address 
Data 


XZXZ 


}(^><^^^ Kese.^ess^e 


ii ii ii I, vector table 
[ ? X pc hX pc lX ps X ADl X ADh X 




8~12clock cycles 


Note : Frequency relation of f(X, N ) and 0is f(X, N ) =4-0. 

The mark "? "means that the address is changing 
depending upon the previous state. 



Fig. 15 Timing diagram at reset 



I/O PORTS 

(1) Port PO 

Port PO is an 8-bit output port with P-channel open 
drain and high voltage outputs (V C c-36V). Each pin has 
a built-in pull-down transistor connected to V P . As 
shown in the memory map (Figure 1), port PO can be 
accessed at zero page memory address 00E0 16 . 
Depending on the status of the processor status regis- 
ter (bit and bit 1 of address 00FF 16 ) , four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode, and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode section. 

(2) Port P1 

In the single-chip mode, Port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode section. 

(3) Port P2 

Port P2 is an 8-bit I/O port with P-channel open drain 
outputs. As shown in the memory map of Figure 1, port 
P2 can be accessed as memory at address 00E4 16 of 
zero page. Port P2 has a directioanl register (address 
00E5 16 ) which can be used to program each individual 
bit as input ("0") or as output ("1"). If the pins are 
programmed as output, the output data is latched to the 
port register and then output. When data is read from 
the output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 



previously output Value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the high impedance state and 
the signal levels can thus be read. When data is writ- 
ten into the input port, the data is latched only to the 
output register and the pin still remains in the high im- 
pedance state. 

(4) Port P3 

Port P3 is an 8-bit I/O port having CMOS outputs. Each 
pin is shared with serial I/O, timer overflow (T1, T2) 
and external interrupt input functions. These functions 
remain the same even if the device is used in other 
modes. 

(5) Port P4 

Port P4 is an 8-bit I/O port with CMOS outputs. During 
all modes except single chip mode, PA^ and P4 func- 
tion as both SYNC and R/W outputs as well as I/O 
ports (see processor mode section). 

(6) Port R 

Port R is a 4-bit input port. 

(7) Port IN 

Port IN is an 8-bit input port to the A-D converter. It can 
also be used as an input port by reading the input data 
into address 00EC 16 . However, this port cannot be read 
during A-D conversion. 

(8) Clock output pin 

This is the timing output pin. When selected the main 
clock (X| N -X OU t) as the internal system clock, the clock 
frequency divided by four is outputed. However, when 
selected the clock for clock function (X C in-X C out). the 
clock frequency divided by two is outputed. 
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Ports P0.P1 



Port P2 



^ 



Ports P3, P4 



-<■ 



Data bus - 



Port latch 



* 



"C*" — i J* 



P-channel open drain high voltage port 
with pull-down resistors 



3tO 







Ports PO, P1 



Directional 
register 



i=0-|3* 



SH 



< 



Ul 



High voltage I/O port 
with pull-down resistors 

-G 

Port P2 



o 



Directional 
• register 



°njjnf 




CMOS tri-state output 
* * 



1 



<-* 



-4 



-O 

Ports P3, P4 



-a — o 



Input 



* P-channel open drain high 
voltage transistor 

* * Mask option 



Fig.16 Block diagram of port P0~P4and port R (single-chip mode) 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 of address 00FF 16 ) , four different operation modes 
can be selected; single chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, P0~P2can be used as 
multiplexed I/O for address, data and control signals, as 
well as the normal functions of the I/O ports. Figure 18 
shows the functions of ports P0~P2, and P4 corresponding 
to each mode. 

The memory map of the single-chip mode is illustrated in 
Figure 1, and the other modes are shown in Figure 17. By 
connecting the CNV SS to V ss , all four modes can be 
selected through software by changing the processor mode 
regsiter. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNV SS places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 



FFFF 1( 



OOOOi, 




Internal RAM 



1 


l 


s 


^ 




AWWV 


^ 


\N^ 





Memory 
expanding mode 



Eva-chip 
mode 



Microprocessor 
mode 



Note 1 : E000 16 for M50941-XXXSP. 
2 :. 00BF 16 for M50941 -XXXSP. 

The shaded area is external memory area. 



Fig. 17 External memory area in processor mode 

(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss - Ports P0~P4 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV S s is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memroy when the internal mem- 
ory is not sufficient. 



The lower 8 bits of address data for port P0 is output 
when 4> goes to the "H" state. When goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
4> goes to the "H" state and as it changes back to the 
"L" state it retains its original I/O functions. 
Port P2 retains its original output functions while <f> is at 
the "H" state, and works as a data bus of D 7 ~D 
(including instruction code) while at the "L" state. 
Pins P4, and P4 output the SYNC and R/W control 
signals, respectively while <f> is in the "H" state. 
When in the "L" state, P4-, and P4 retain their original 
I/O functins. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 

(3) Microprocessor mode [10] 

After connecting CNV S s to V cc and initiating a reset, 
the microcomputer will automatically default to this 
mode. The relationship between the input level of 
CNV SS and the processor mode is shown in Table 2. 
In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pin is 
lost. Port P2 becomes the data bus (D 7 ~D ) and loses 
its normal I/O functions. Port P4i and P4 become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to the CNV S s pin, the micro- 
computer is forced into the eva-chip mode. This mode 
has almost the same function as the memory expanding 
mode except that it needs all its programs to come 
from the outside (including ROM programs). The main 
purpose of this mode is to evaluate ROM programs 
prior to masking them into the microcomputer's internal 
ROM. 
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1 


1 


\ TM 





1 


1 





\Mode 
Port \ 


Single-chip mode 


Memory expanding mode 


Eva-chip mode 




Microprocessor r 


node 


Port PO 






r 




Same as left 






T 


X 




'I I 


IT 
X 




Ports P0 7 ~P0 o 


Ports P0 7 ~P0 


Ports P0 7 ~P0 




Output Port 




Y Address V Output Y 
A A 7 ~A A Port A 


Address 
A 7 ~A 


X 




Port P1 






r 




Same as left 






r 






,, , 


IT 
X 




Ports P1 7 ~P1 


Ports P1 7 ~P1 


Ports P1 7 ~P1 




Output Port 




Y Address Y Output Y 
A Ai5~A 8 A Port A 


Address 
Ai 5 ~A 8 


X 


Port P2 






r 




Same as left 






r 


X 




'I I 


>■ 




Ports P2 7 ~P2 


Ports P2 7 ~P2 


Ports P2 7 ~P2 




I/O Port 




Y Output y Data Y 
A Port A D 7 ~D A 


/ Data \ 
"\ D 7 ~D /■" 




Port P4 






r 




Same as left 






r 


_r 

X 




I I 


X 
X 


, 


Ports P4 7 ~P4 


Ports P4 7 ~P4 2 


Ports P4 7 ~P4 2 




I/O Port 




Y I/O Port 
Port P4! 


I/O Port 
Port P4t 


X" 


Y SYNC Y I/O Port Y 


SYNC 
Port P4 


Port P4 


X r/w X l/OPort X 


R/W 





Fig. 18 Processor mode and functions of ports P0~P2, P4 



Table 2. Relationship between CNV SS Pin Input Level and Processor Mode 



CNVss 


Mode 


Explanation 


V S s 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The M50940-XXXSP has two internal clock generating cir- 
cuit. Figure 21 shows a block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the. clock in- 
put pin X| N divided by four is used as the internal clock 
(timing output) <t>. Bit 7 of serial I/O mode register can be 
used to switch the internal clock 0to 1/2 the frequency ap- 
plied to the clock input pin X C in- 

Figure 19 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacture's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input form the X tN (X C in) pin and leave the X 0U t 
(Xcout) pin open. A circuit example is shown in Figure 20. 
The M50940-XXXSP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C in clock) stops with the internal clock <f> 
held at "H" level. In this case timer 1 and timer 2 are forc- 
ibly connected and 0/4 is selected as timer 1 input. Before 
executing the STP instruction, appropriate values must be 
set in timer 1 and timer 2 to enable the oscillator to stabil- 
ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 
("0"), timer 1 interrupt enable bit and timer 2 interrupt en- 
able bit must be set to disable ("0"), and timer 2 interrupt 
request bit must be set to no request ("0"). 
Oscillation is restarted (release the stop mode) when INT 1( 
INT 2 , or serial I/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to "1". When restarting oscillation with an interrupt, 
the internal clock is held "H" until timer 2 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, "L" level must be kept to the RESET pin until the 
oscillation stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock <}> stops at "H" 
level, but the oscillator does not stop. <f> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to "1" before executing the WIT instruction. 
Low power dissipation operation is also achieved when the 
X| N clock is stopped and the internal clock is generated 
from the X C , N clock (120M max. at f (X C)N ) = 32kHz). X, N 
clock oscillation is stopped when the bit 6 of serial I/O 
mode register (address 00F6 16 ) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
An "L" level must be kept to the RESET pin until the 
oscillation stabilizes when resetting while' the X, N clock is 
stopped. Figure 22 shows the transition of states for the 
system clock. 



M50940-XXXSP 

X|N Xqut Xqin Xcout 
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Fig.19 External ceramic resonator circuit 











M50940-XXXSP 
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Fig.20 External clock input circuit 
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Interrupt control register 

(Address 00FE 16 ) 

INTi interrupt enable 
INT| interrupt request 

Timer 1 interrupt enable 
Timer 1 interrupt request 
(or A-D) 

Timer 2 interrupt enable 
Timer 2 interrupt request 

Timer 3 interrupt enable 
(or serial I/O) 
Timer 3 interrupt request 
(or serial I/O) 



/*" h 1NJ2 

~ V | - INT 2 



INT 2 interrupt enable 
INT 2 interrupt request 



Fig.21 Block diagram of clock generating circuit 
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Note 1 . At recovery from the STP instruction, wait time occurs automatically by connecting timer 1 and timer 2. This time 
is set by the program. 
2 . When SM 6 =1, and unsystem clock is operated, a programmed wait time may be necessary to allow the oscila- 

tor stabilize. 
3 . When connected the clock divided by four as the count source of timer, frequency of count source is 4kHz. 



Fig.22 Transition of states for the system clock 
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<An example of flow for system> 



Normal operation 



Operation on the 

clock function 

only 



Return from 
clock function 



Power on reset 

I 
Clock X and clock for clock function X c oscillation 

1 
Internal system clock start (X —1 /4— <fl) 



Program start from RESET vector 



S 



Normal program 



— Operation at 4 MHz 



S 



Internal clock <j> source switching X( 4 MHz)— X C lk(32. 768kHz) (SM 7 : 0— 1 

Clock X halt (X c in operation)(SM 6 : 1 ) 

Internal clock halt (WIT instruction) 

1 
"Timer 3 (clock count) overflow 

Internal clock operation start (WIT instruction) 



S 



Clock processing routine 



— Operating at 32. 768kHz 



S 
-Internal clock halt (WIT instruction) 

Interrupts from INT^ timer 2, timer 3 or serial I/O, INT 2 (BRK instruction) 

Internal clock operation start (WIT instruction released) 

Program start from interrupt vector 

Clock X oscillation start (SM 6 : ) 

1 



Oscillation rise time routine (software) 



—Operating at 32. 768kHz 



i 
Internal clock $ souce switching (X C -*X)(SM 
S 



Normal program 



1-0) 
—Operating at4MHz 



RAM backup 
function 



STP instruction preparation (pushing registers) 



Timer 1 , Timer 2 interrupt disable, Timer 2 interrupt request bit reset (TM 6 = , IM 5 = , IM 4 = ) 

Timer 1 count stop bit resetting (TM 5 = ) 

Clock X and clock function X c halt (STP instruction) 



RAM backup status 



RAM return 

from RAM 

backup function 



Interrupts from INT n or serial I/O, INT 2 

Clock X and clock for clock function X c oscillation start 

Timer 2 overflow (X/1 6 or X c /8— timer 1 —timer 2) 
(Automatically connected by the hardware) 

Internal system clock start (X/4 or X c /2— <f>) 

Program start from interrupt vector 



Normal program 



S 
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PROGRAMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). (n = 0~ 
255) 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When the timer 1, timer 2, or timer 3 is input the clock 
except 0/4 or it divided by timer, read the contents of 
these timers either while the input of these timers are 
not changing or after counting of timers are stoped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed befoer the SEC, CLC, or CLD intructions are 
executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Notes on serial I/O 

© Set "0" in the serial I/O interrupt enable bit (bit 2 of 

address 00FE 16 ) before setting the serial I/O mode. 
© . Insert at least one instruction and set "0" in the serial 

I/O interrupt request bit (bit 3 of address 00FE 16 ) after 

setting the serial I/O mode. 
© Set "1" in the serial I/O interrupt enable bit after the 

operation described in ©. 

(7) The timer 1 and the timer 2 must be set the necessary 
value immediately before the execution of a STP in- 
struction. 

(8) Notes on A-D conversion 

Set "0" in the A-D interrupt enable bit (bit 6 of address 
00FF 16 ) before setting A-D conversion. 

©. Insert at least one instruction and set "0" in the A-D in- 
terrupt request bit (bit 7 of address 00FF 16 ) after set- 
ting the A-D conversion. 

© Set "1" in the A-D interrupt enable bit after the opera- 
tion described in ©. 

® Set "0" in bit 3 of the A-D control register (address 
00F3 16 ) before using a STP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1 ) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data EPROM 3 sets 

Write the following option on the mask ROM confirmation 
form 

• Port P3 pull-up transistor bit 

• Port P4 pull-up transistor bit 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

output transistors are at "OFF" state. 


—0. 3—7 


V 


v P 


Pull-down input voltage 


Vcc-38~Vcc+0. 3 


V 


■ v, 


Input voltage CNV SS 


-0.3—13 


V 


v, 


Input voltage R ~R3, X| N . X C in. RESET 


-0.3—7 


V 


v, 


Input voltage P3 ~P3 7 , P4 ~P4 7 , IN ~IN 7 , V REF 


-0. 3~V cc +0. 3 


V 


V| 


Input voltage P2 ~P2 7 


Vcc-38~Vcc +0. 3 


V 


Vo 


Output voltage P3 ~P3 7 ,P4 ~P4 7 , X C out, Xout, 4> 


-0. 3— Vcc +0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 


Vcc-38~Vcc +0. 3 


V 


Pd 


Power dissipation 


T a =25°C 


1000(Note 1) 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Strage temperature 




-40—125 


°C 



Note 1 . 600mW for QFP type. 



RECOMMEND OPERATING CONDITIONS 



(V c 



= 5V±10%, T a =— 10~70°C, unless otherwise noted) 



Symbol 








Limits 


Unit 




Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


f(X| N )=4MHz 


4.5 


5 


5.5 


V 


f(X| N )^lMHz 


3 


5 


5.5 


V 


v P 


Pull-down supply voltage 


Vcc-36 




V cc 


V 


Vss 


Supply voltage 









V 


V,h 


"H" input voltage P3 ~P3 7 , P4 ~P4 7 , IN ~IN 7 ,CNV SS 


0.8V CC 




Vcc 


V 


V,h 


"H" input voltage R ~R3 


0. 4V CC 




Vcc 


V 


V, H 


"H" input voltage RESET, X| N , X C in 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P2 ~P2 7 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P3 ~P3 7 , P4 ~P4 7 , IN ~IN 7) CNV SS 







0. 2V CC 


V 


V,l 


"L" input voltage R ~R3 







0.12V CC 


V 


V,l 


"L" input voltage RESET 







0.12V CC 


V 


V IL 


"L" input voltage X| N , X C in 







0.16V CC 


V 


v, u 


"L" input voltage P2 ~P2 7 


V cc -36 




0. 2V CC 


V 


'oH(sum) 


"H" sum output current P0 ~P0 7> P1 ~P17, P2 ~P2 7 






-120 


mA 


'oH(sum) 


"H" sum output current P3 ~P3 7 , P4 ~P4 7 






—30 


mA 


'oL(sum) 


"L" sum output current P3 ~P3 7 , P4 ~P4 7 






60 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 






-24 


mA 


loH(peak) 


"H" peak output current P3 ~P3 7 , P4 ~P4 7 






-10 


mA 


loapeak) 


"L" peak output current P3 ~P3 7 , P4 ~P4 7 






20 


mA 


'oH(avq) 


"H" average output current P0 ~P0 7l P1 ~P1 7 , P2 ~P2 7 






-12 


mA 


loH(avq) 


"H" average output current P3 ~P3 7l P4 ~P4 7 






—5 


mA 


loaavq) 


"L" average output current P3 ~P3 7 , P4 ~P4 7 






10 


mA 


f (x IN ) 


Clock oscillating frequency 


V CC =5V 






4.3 


MHz 


V CC =3V 






1.1 


MHz 


f (X C | N ) 


Clock oscillating frequency 


V CC =5V 






500 


kHz 


for clock function 




V CC =3V 






300 


kHz 



Note 1 . 
2. 
3. 



The maximum "H" input voltage for CNV SS is +12V. 

The duty cycle for these oscillation frequency is 50%. 

When the low speed mode is used, the clock input oscillation frequency for the timer must satisfy 

the following expression : 

f(Xci N )<f(X IN )/3 
The avarage output current loH(avg) ar, d 'oL(avg) are tne average value during a 100ms cycle. 
f(x, N ) must be less than 50kHz when the external clock is to be used. 
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ELECTRICAL CHARACTERISTICS (v cc =5v±io%, v ss =ov, i a = 


=25°C, f(X |N )=4MHz 


unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage P3 ~P3 7 , P4 ~P4 7 


Ycc=5V, l 0H =-5mA 


3 






V 


Vcc=3V, l OH =-1-5mA 


2 






V 


Vqh 


"H" output voltage <f> 


V C c=5V, l OH =-2.5mA 


3 






V 


Vcc=3V, l 0H = -0.8mA 


2 






V 


Voh 


"H" output voltage POo-rP0 7 , P1 ~P17, P2 ~P2 7 


Vcc=5V, l 0H =-12mA 


3 






V 


Vcc=3V, l 0H =-3mA 


2 






V 


Vol 


"L" output voltage P3 ~P3 7> P4 ~P4 7 


Vcc=5V, l O L=10mA 






2 


V 


V CC =3V, l OL =3mA 






1 


V 


Vol - 


"L" output voltage <f> 


V CC =5V, l OL =2.5mA 






2 


V 


Vcc=3V, l O L=0.8mA 






1 


V 


V T +-V T - 


Hysteresis P3 /TnT^ PS^INtT 


use as interrupt 
input 


V CC =5V 


0.3 




1 


V 


V CC =3V 


0.15 




0.7 


V 


V T +-V T - 




V CC =5V 




0.5 


0.7 


V 


Hysteresis RESET 


V CC =3V 




0.35 




V 


V t +-V t _ 


Hysteresis P3 6 /CLK 


use as CLK 
input 


V CC =5V 


0.3 




1 


V 


V CC =3V 


0.15 




0.7 


V 


V T +-V T _ 


Hysteresis X !N 


V C c=5V 


0.1 




0.5 


V 


V CC =3V 


0.06 




0.3 


V 


V t +-V t - 


Hysteresis X C in 


V CC =5V 


0.1 




0.5 


V 


V CC =3V 


0.06 




0.3 


V 


Iil 


"L" input current P3 ~P3 7 , P4 ~P4 7 


V|=0V without 
pull-up T r . 


V CC =5V 






-5 


juA 


V CC =3V 






-4 


VA 


V|=0V, with 
pull-up T r . 


V CC =5V 


-35 


-70 


-140 


/uA 


V CC =3V 


-12 


-25 


-40 


MA 


I.L 


"L" input current IN ~IN 7 


V,=0V 


Vcc=5V 






-5 


/uA 


V CC =3V 






-4 


VA 


I.L 




V|=0V 


Vcc=5V 






-5 


juA 


"L" input current RESET, X| N , X C in. Ro~R3 


V CC =3V 






-4 


MA 


'iL 


"L" input current P2 ~P2 7 


V,=0V 






-5 


MA 


V|=V CC -36V 






-30 


M A 


'iH 


"H" input current P3 ~P3 7 , P4 ~P4 7 


V|=5V, without pull-up transistor 






5 


/uA 


I.H 


"H" input current INo~IN 7 


V|==5V, not use as analog input 






5 


/uA 


I.H 


"H" input current P2 ~P2 7 


reading operation V|=5V 






100 


/uA 


normal operation V|=5V 






5 


MA 


'iH 


"H" input current RESET, X| N , Xcin- Ro~R3 


V,=5V 






5 


/uA 


I.H 


"H" input current V REF 


V,=5V 






5 


mA 


l0L 


"L" output current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 


Vp=V cc -36V, Vol=V C c 


150 


500 


900 


juA 


'cc 


Supply current 


Open output ports, 

Vp=V C c, 

input port is V S s, 

at normal operation. 


X IN =4MHz, V CC =5V 




3 


6 


mA 


X| N =1MHz, V CC =3V 




0.4 




mA 


Open output ports, 

Vp=Vcc, 

input port is V S s, 

at wait mode. 


X| N =4MHz, V CC =5V 




1 




mA 


X, n =1MHz, V CC =3V 




0.2 




mA 


Open output ports, 

Vp=V C c. input port is V S s, 
at normal operation, stop 
X| N andXouT,XciN=32kHz. 


V CC =5V 




60 


200 


juA 


V CC =3V 




25 




uA 


Open output ports, 

Vp=V C c, input port is V S s, 
at wait mode, stop 

Xin and Xout, XciN = 32kHz. 


V CC =5V 




40 




juA 


V CC =3V 




15 




juA 


Stop all oscillation. 


T a =25°C 


V CC =5V 




0.1 




juA 


V CC =3V 




0.06 




MA 


T a =70°C 


V CC =5V 




1 


10 


juA 


V CC =3V 




0.6 




/uA 


'acc 


Supply current for A-D 


at A-D converting time 




2 


4 


mA 
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* 



C 3 






-5V 



-H 



Vc 

x in reset| 

Output pins open 

XoUT 

Input pins 

XciN 



V F 



V S s 



resonator 



X, =4MHz Ceramic resonator 
X 2 =32. 768kHz Q ^ a _ r H5. yStal 
d =C 2 =150pF 
R, =!Mn 
C 3 =10pF 
C 4 = 30pF 
R 2 =10Mn 
R 3 =100kO 



Fig.23 Test circuit for measuring supply current 



A-D CONVERTER CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


- 


Resolution 








8 


bits 


- 


Absolute accuracy 


Vcc=AV cc =V REF =5.12V 






±3 


LSB 


Rladder 


Ladder resistor value 




1 






kO 


tcONV 


Conversion time 


High-speed : 0=1 MHz 






72 


^s 


Low-speed : 0=1 MHz 






288 


MS 


V REF 


Reference input voltage 








Vcc 


V 


V,a 


Analog input voltage 








V REF 


V 
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TIMING REQUIREMENTS 

Single-Chip mode (V CC =5V±10%, V ss =0V, T a =25*C, f (X|l)) = 4 MHzunless other wise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU(P2D— <t>) 


Port P2 input setup time 




270 






ns 


tsU(P3D— 0) 


Port P3 input setup time 




270 






ns 


tsil(P4D— <f>) 


Port«P4 input setup time 




270 






ns 


tsU(RD— 4>) 


Port R input setup time 




270 






ns 


tsU(IND— <t>) 


Port IN input setup time 




270 






ns 


*h<0 — P2D) 


Port P2 input hold time 




20 






ns 


th(<*— P3D) 


Port P3 input hold time 




20 






ns 


th(<*— P4D) 


Port P4 input hold time 




20 






ns 


th(«i-RD) 


Port R input hold time 




20 






ns 


*h (0— IND) 


Port IN input hold time 




20 






ns 


tc(X| N > 


External clock input cycle time (Xin) 




230 






ns 


tw(x, N ) 


External clock input pulse width (Xin) 




75 






ns 


tcCXcN) 


External clock input cycle time (X C in) 




2 






ms 


twCXcN) 


External clock input pulse width (Xcin) 




1 






ms 


tr 


External clock rising edge time 








25 


ns 


tf 


External clock falling edge time 








25 


ns 



Memory expanding mode and eva-chip mode 

(V CC =5V±10%, V ss =0V, Ta=25 C,f (X|N )= 



4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(P2D— <t>) 


Port P2 input setup time 




270 






ns 


*h<0— P2D) 


Port P2 input hold time 




20 






ns 



MiCrOprOCeSSOr mode (V CC =5V±10%, V ss =0V, Ta=25°C,f (X|N )= 4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU(P2D— <f>) 


Port P2 input setup time 




270 






ns 


th(<6_P2D) 


Port P2 input hold time 




, 20 






ns 
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SWITCHING CHARACTERISTICS 



Single-chip mode (v cc =5v±io%, v ss =ov, 


T a =25°C, f(X| N ) = 4 MHz unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<6— POQ) 


Port PO data output delay time 


Fig. 25 






230 


ns 


^d(«i— P1Q) 


Port P1 data output delay time 






230 


ns 


^dC^— P2Q) 


Port P2 data output delay time 






230 


ns 


td(«i— P3Q) 


Port P3 data output delay time 


Fig. 24 






230 


ns 


td(<6— P4Q) 


Port P4 data output delay time 






230 


ns 



Memory expanding mode and eva-chip mode 



(V CC =5V±10%, V ss = V, T a =25°C, f< X|N )= 4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tdU— POA) 


Port P0 address output delay time 


Fig. 25 






250 


ns 


*d(«>— POAF) 


Port PO address output delay time 






250 


ns 


td(<*— POQ) 


Port PO data output delay time 






200 


ns 


td(«4— POQF) 


Port P0 data output delay time 






200 


ns 


td(tf— P1A) 


Port P1 address output delay time 






250 


ns 


*d(«i— P1AF) 


Port P1 address output delay time 






250 


ns 


td(«i— piq) 


Port P1 data output delay time 






200 


. ns 


*d(<*— P1QF) 


Port P1 data output delay time 






200 


ns 


td(<»— P2Q) 


Port P2 data output delay time 






300 


ns 


td(0— P2QF) 


Port P2 data output delay time 






300 


ns 


td(«s— R/W) 


R/W signal output delay time 


Fig. 24 






250 


ns 


*d(<6— R/WF) 


R/W signal output delay time 






250 


ns 


td(<»— P4 Q) 


Port P4 data output delay time 






200 


ns 


td(«6— P4 QF) 


Port P4 data output delay time 






200 


ns 


tdC^— SYNC) 


SYNC signal output delay time 






250 


ns 


*d(v*— SYNCF) 


SYNC signal output delay time 






250 


ns 


td(0— P^Q) 


Port P^ data output delay time 






200 


ns 


*d(<4— P4-|QF) 


Port P4i data output delay time 






200 


ns 



MiCrOprOCeSSOr mode (V CC =5V±10%, V ss = V, T a =25 C, f( X , N )= 4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(«4— POA) 


Port P0 address output delay time 


Fig. 25 






250 


ns 


td(<4— P1A) 


Port P1 address output delay time 






250 


ns 


td(<4— P2Q) 


Port P2 data output delay time 






300 


ns 


td(<4— P2QF) 


Port P2 data output delay time 






300 


ns 


td(<*~ R/W) 


R/W signal output delay time 


Fig. 24 






250 


ns 


td(<4— SYNC) 


SYNC signal output delay time 






250 


ns 





I Ikfl 

1 C\ 


P3 

P4 

<t> 


1 
i 100pF 


I 

y100pF 






Fig.24 Test circuit of ports P3 
and P4 



Fig.25 Test circuit of ports PO, 
P1, and P2 
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TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port R input 



Port IN input 









\ 




/ 










_*. 


> 
>< 
> 


"*- t(j (0-POQ) 








r 








"*- t(J (<f>— P1Q) 
















"*- td (<S-P2Q) 








' 














tsU (P2D-0) 

/ 










' 


\ 




> 


"*~~ t,j (0-P3Q) 






"*=~ th (0-P2D) 




' 














tsU (P3D-0) 

/ 










' 


\ 




X 


-*- t(j (^_ P4 q) 




"*~ l h U~P3D) 














tsU (P4D-0V*- 

/ 








* 


\ 






l SU (RD-tfH*- 

/ 


"*~th (<*~P4D) 




* 


X 






tsU (IND— £) 

/ 


"^~th U~RD) 




' 


\ 












" e— th (0-IND) 



t(x IN ) 
or 

f (><CIN) 



tw(x )N ) or t W (x CIN ) 



tc(x, N ) or tc(x c , N ) 



\ 



s 
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In memory expanding mode and eva-chip mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P4 output (R/W) 



Port P4t output (SYNC) 



y 



x 



**• *d (?s— POA) ^ 



X 



-*- *d (<»-pia) 



X 



>; 



^d U~P2Q) 



"*~td ((4-R/W) -*" 



>: 



L^tdu- 



y 



"*" *d U-POAF) "*- 



>x 



■*- *d (<4-P0Q) 
■*" *d (<t>— P1AF) ""=- 



l d(*- 



>zz 



>x 



■*- l d ((4-P1Q) 



«e~ *d («*-P2QF) 

>ocz: 



• ^d ((HR/WF) 



>x 



- t(j (0-p4 o Q) 



-J 






-e— td U-P^Q) 



• *d (0 



>cz 



*h (0-P2D) 
■*- td (<6-P4 QF) 




^d ((*-P4 1 QF) 
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In microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P4 output (R/W) 



Port P4t output (SYNC) 



y 



\ 



>e 



>e 



*d (0-pia) 



>c: 



Floating 



>e 



■«- *d (rf-SYNC) 



>: 



./ 



-e- *d (0-P2Q) 

ixzz: 



tsu (P2D— 0)-*" 

/ 



X 



X 



td ((4-P2QF) 



U- l d (0-F 



V 



>*- th (0-P2D) 



X 



X 
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DESCRIPTION 

The M50943-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50943-XXXSP and the 
M50943-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size ROM 8192 bytes 

RAM 192 bytes 

• Instruction execution time 

1/iS (minimum instructions at 8MHz frequency) 

• Single power supply f(X IN )=8MHz 5V±10% 

• Power dissipation 

normal operation mode (at 8MHz frequency) ••••30mW 

• Subroutine nesting 96 levels (Max.) 

• Interrupt •••••8 types, 5 vectors 

• 8-bit timer 3 (2 when used as A-D or serial I/O) 

• Programmable I/O ports (Ports PO, P1, P2, P3, P4) — - 36 

• Input ports (Port IN) 8 

• Serial I/O (8-bit) 1 

• A-D converter 8-bit successive approximation 

• PWM function 1 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 

Camera, Air conditioner 



PIN 


CONFIGURATION (TOP VIEW) 


AV SS H 


w 


64]— IN1 




Input port IN IN0 — [J 




63]— IN2 




Rerefence *. 1-7 
voltage input REF ~* Li- 




62]— IN3 




AV CC E 




61]— IN4 


Input port IN 


PWM output p WM «_ [5 

port tZ 

NC H 




6o] — IN5 
D— IN6 






P2 7 -[7 




D — IN7 






P2 6 — E 




13 V cc 




P2 5 — [I 




H— P0 






P2 4 - d 




I]— PO, 


, 


I/O port P2 






54]— P0 2 






P2 3 — [n 








P2 2 — m 




53]— P0 3 
U— P0 4 


I/O port PO 




P2, **[13 








P2 ~Gi 




13^P0 5 






P3 7 /S RDY — 01 


o 

CD 


50]— P0 6 






P3 6 /CLK — []6 


CO 


U— P0 7 






P3 5 /SouT**[iZ 


>< 


1-Plo 




I/O port 


P3 4 /s,N — m 


X 
X 


£]— P1, 




P3 


P3 3 — d 
P3 2 — H 


CD 
"0 


1-P1 2 

H — pi 3 






P3, — Hi 




44] — P1 4 


I/O port P1 




P3 — H 




!~P1 5 




Timer I/O CNTR— H 




1-P16 




Interrupt j IN^ - E 




4l]^P1 7 




input 1|NT 2 — H 




40] NC 


CNVss H 




1] NC 


Reset input RESET— ^[27 




m— P4 




Clock input X, N -* [28 




H — P4, 




Clock output X OU T*-|li 




36]— P4 2 


I/O port P4 


Timing output <p *- [30 




1-P4 3 




SStput RESET OUT^E 




34] — »■ 2 Timing output 


V ss H 




U NC 


Oi 


jtline 64P' 


XB 





OOOOOOOOOt^t^t^-t^t^t^ 


>Q_Q-a-Q_Q_a_Q_Q.Q_Q_Q.Q.Q_a. 


mniuiitui 




[^IRRRilFlR51filfil[i7lfil|ilfi|[il|ilfi?l 




IN7— ►El 




I]- P1 6 


IN6-*>Gl 




i]— pi 7 


IN5 — Gi 


o 


28]— P4 


IN4 — [il 


i]— P4, 


IN3 — do 




i]— P4 2 


IN2 — m 




I]— P4 3 


IN1 — d 




24]->20 


AV SS 01 


M50943-XXXFP 


m v ss 


INO — Hi 




I] — RESETqut 


Vref H 




ID—* 


AVcc HI 




2£] — Xoui 


PWM— [1 




iE— X, N 


P2 7 — [H 


o o 


g— RESET 


P2 6 — H 




23 CNV S s 


P2 5 — d° 




]U- INT 2 


1 


LlI 111 l3j LlJ b\ Lsj [tJ |_bJ hi N M y y y |isj 




t n u n m n it m 


■* to CVJ t- Ol>V l-ZJOW t- (T I 1- 


CM CM CM CM CM Q n => .ft CO CO CO CO £ h- 


Q. Q.Q. D. Q.^J^WQ.0. O.Q.H z 


N ^SfJ O 


CO CO CO °- 


Q. 0- 0. 


Outline 60P6 NC : No connection 
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M50943-XXXSP BLOCK DIAGRAM 



Clock Clock 
input output 

Xim Xqut 



Timing output 
<f> 2<f> 



Reset 
output 



Interrupt 
input 

Tnt7 



Interrupt 
input 



Reset 
input 



(5V) CSV) (OV) (OV) (OV, R« evolta 9 e 



~ # 




Clock generating 
circuit 




H 



RAM 
192 bytes 



^> 



Program 
counter 
PC H (8) 



$*L 



Program 
counter 

PC L (8) 



H 



ROM 
8192 bytes 



8-bit 
arithmetic 

and 
logical unit 



TT 



Accumulator 
A(8) 



TT 



Processor 

status 

register 

PS(8) 

—7^ 



Index 

register 

X(8) 



Index 

register 

Y(8) 



\S 



7T 



Stack 

pointer 

S(8) 



<^> 



al 



Prescaler 
PRE12(8) 



IX 



7 



ZL 



Timer 1 
T1(8) 



£L 



Timer 2 
T2(8) 



tO* 



Prescaler 
PREX(8) 



G- 



51 



N 



Timer X 
TX(8) 



Instruction 
register (8) 



Instruction 
decoder 



Control 
signal 



PWM 
control 
circuit 



:t"v 



^> 



^s 




5 



^ 



S 1/0(8) 



A/KA/]\A/|v' A A A A IK A A * 



P3(8) I P2(8) 

AAAAAAAA ~A A A A A A A A 



V V 



7^ 



PK8) 



P0(8) 



A A /I A A" A A A 



1 5Yl 6Yl 7Y1 8Y1 9X20X21X22)— <7X8X9X1CW!X!2X13XI4 



Input port IN I/O port P4 



I/O port P3 



I/O port P2 



<4lX42X43X44X45l46X47X48K49X50X5lX52X53l54X55X56>-C5>-^ 

PWM CNTR 
PWM Timer 
output I/O 



I/O port P1 



I/O port PO 



Z 

o 

r 

m 

■ 

o 

z 

00 

I 

00 



o 

3 

o 



o 
30 

o 
o 

o 
s 

■0 
c 

H 

m 



MITSUBISHI MICROCOMPUTERS 

M50943-XXXSP/FP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50943-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1/us (minimum instructions, at 8MHz frequency) 


Clock frequency 


8MHz 


Memory size 


ROM 


8192bytes 


RAM 


192 bytes 


Input/Output ports 


INTh, INT^ 


Input 


1-bitX2 


PO, P1, P2, P3, P4 


I/O 


4-bitX1 (P4) 


8-bitX4 (a part of P3 are common with serial I/O) 


IN 


Input 


8-bitX1 (input, and analog input for A-D) 


CNTR 


I/O 


1-bitX1 ' 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalerX2+8-bit timerX3 

(2 when A-D conversion or serial I/O is used) 


Subroutine nesting 


96 levels (max.) 


Interrupts 


Two external interrupts, Three internal timer interrupts 

(2 of timer interrupts are in common with A-D conversion and serial I/O) 


Clock generating circuit 


Built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at high-speed operation 


30mW (at 8MHz frequency) 


Input/Output characteristics 


Input/Output voltage 


5V 


output current 


10mA (ports PO, P1, P2, P3, P4) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50943-XXXSP 


64-pin shrink plastic molded DIP 


M50943-XXXFP 


60-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±1096 to V cc , and OV to V ss . 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X ut pins. If an external clock is used, the clock 
source should be connected to the X| N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


4>, W 


Timing output 


Output 


This is the timing output pins. 


CNTR 


Timer I/O 


I/O 


This is an output pin for the timer X. 


TntT 


Interrupt input 


Input 


This. is the highest order interrupt input pin. 


JNTs 


Interrupt input 


Input 


This is the lowest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing eaclVl/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , 
P3 6 i P3 5 , and P3 4 work as Srdy. CLK, S ut. and S !N pins, respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 


PWM 


PWM output 


Output 


This is output pin from the pulse width modulator. 
The output structure is N-channel open drain. 


IN0~IN7 


Analog input port IN 


Input 


This is an 8-bit analog input port for the A-D converter, and can be used as normal input port. 




Reset output 


Output 


This pin outputs the reset signal for peripheral devices. 


RESETout 


v REF 


Reference voltage 
input 


Input 


This is the reference voltage input pin for the A-D converter. 


AV CC 


Voltage input for A-D 




This is the power supply input pin for the A-D converter. 


AV SS 


Voltage input for A-D 




This is GND input pin for the A-D converter. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50943-XXXSP is shown in Figure 
1. Addresses E000 16 to FFFF 16 are assigned to the built-in 
ROM area which consists of 8192 bytes. 
Addresses FF00 16 to FFFF 16 are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addreeses FFF4 16 to 
FFFF 16 are vector addresses used for the reset and inter- 



rupts (see interrupt chapter). Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 00BF 16 are assigned to the built-in 
RAM and consist of 192 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 



Zero page < 

ROM , 
(8192 bytes) ' 


RAM 
(192 bytes) 

Special 

page for 

subroutine' 

call 


c oooo 16 

* 00BF 16 

00E0 16 
00FF 16 

E000 16 
FF00 16 

FFF4 16 
FFFF 16 


De< 


:imal 

' 
/ 
/ 
/ 
/ 
/ 
/ 

191 / 
/ 

/ 
/ 
/ 

/ 
/ 

255 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 

\ 

\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

INT 2 \ 
S I/O or timer 2 \ 
Timer 1 or A-D \ 

Timer X ^ 
JntT ^ 










00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8i6 
00E9 16 
OOEAis 
00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3ie 
00F4 16 
00F5, 6 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
OOFBie 
00FC 16 
00FD 16 
OOFEie 
00FF 16 


Port PO 




Port PO directional register 


Port PI 


Port PI directional register 


Not used 


Port P2 


Port P2 directional register 








Port P3 


Not used 


Port P3 directional register 


Port P4 


Port P4 directional register 






IN register 




A-D register 






A-D start address 


A-D control register 






PWM control register 


Serial I/O mode register 


Serial I/O register 




Timer 1, 2 prescaler 


Address L 
Address H 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer X prescaler 


Address L 
Address H 


Timer X 


Address l_ 
Address H 


Interrupt control register 


Address l_ 
Address H 


RESET N 
65535 


Timer control register 











Fig.l Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



PC H 



7 

A 

7 

X 

7_ 

Y 

7 [ 

S 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



7 

PC L Program counter 



Processor status register 

- Carry flag 

- Zero flag 

- Interrupt disable flag 

- Decimal mode flag 

- Break flag 

- Index X mode flag 

- Overflow flag 

- Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The location of the stack can be determined by the stack 
page bit (bit 4 at address 00FF 16 ). When bit 4 is "0" and 
the contents of the stack pointer is XX 16 , the stack address 
is set to 00XX 16 . When bit 4 is "1", the stack address is set 
to 01XX 16 . When using this microcomputer in the single- 
chip mode, the stack page bit must be "0" and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTl) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal! If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 



Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16 , FFFE 16 


INTt 


2 


FFFD 16l FFFC 16 


Timer X 


3 


FFFB 16l FFFA 16 


Timer 1 or A-D 


4 


FFF9 16> FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16 , FFF6 16 


INT 2 (BRK) 


6 


FFF5 16 , FFF4, 6 



INTERRUPT 

The M50943-XXXSP can be interrupted from seven 
sources; INT^ timer X, timer 1/A-D, timer 2/serial I/O, or 
INT 2 /BRK instruction. 

The value of bit 2 of the serial I/O mode register (address 
00F6 16 ) determine whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
3, and when bit 2 is "1" the interrupt is from serial I/O. Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. The value of bit 3 of the A-D control register (address 
00F3 16 ) determine whether the interrupt is from timer 1 or 
from A-D converter. When bit 3 is "0" the interrupt is from 
timer 1, and when bit 3 is "1" the interrupt is from A-D con- 
verter. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupts are inhibited when the interrupt disable flag I is set 



Interrupt 
request 



k^J 



rCt 



rCt 



^F 



iO 



I— InterruDt disable flaa 



Interrupt disable flag I 



1 — Reset 



Interrupt control register (Address 00FE 16 ) 
Bit 7 : INT - ! pin interrupt request bit 
Bit 6 '. INT! pin interrupt enable bit 
Bit 5 : Timer 1 interrupt or A-D interrupt request bit 
Bit 4 : Timer 1 interrupt or A-D interrupt enable bit 
Bit 3 '. Timer 2 interrupt or serial I/O interrupt request bit 
Bit 2 : Timer 2 interrupt or serial I/O interrupt enable bit 
Bit 1 : INT 2 pin interrupt request bit 
BitO : INT 2 pin interrupt enable bit 



Timer control register (Address 00FF 16 ) 
Bit 7 : Timer X interrupt request bit 
Bit 6 '. Timer X interrupt enable bit 
Bit 5 '. Timer X count stop bit 
Bit 4 : Stack page bit 
Bit 3 : 



Bit 2 



Bit 1 : 

BitO : 



' } Timer X mode bit 
Processor mode bit 



Fig. 3 Interrupt control 
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to "1". All of the other interrupts can further be controlled 
individually via the interrupt control register shown in Figure 
3. An interrupt is accepted when the interrupt enable bit 
and the interrupt request bit are both "1" and the interrupt 
disable flag is "0". 

The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the INT^ or Wf 2 pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 

(3) When the A-D conversion ends 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 



TIMER 

The M50943-XXXSP has three timers; timer X, timer 1, and 
timer 2. Since P3 (in serial I/O mode) and timer 2 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). Timer X has four modes 
which can be selected by bit 2 and 3 of the timer control 
register. When the timer X count stop bit (bit 5) is set to 
"1", the timer X will stop regardless of which mode it is in. 
A block diagram of timer X, timer 1 and timer 2 is shown in 
Figure 4. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+l), where n is 
the decimal contents of the prescaler latch. All three timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 



Oscillator Divider When STP instruction is executed, M 

I fc i i this circuit is connected coercively Prescaler latch 8 I 

EyH^h Timer mode I ' " ' 



CNTR r t> K>X ^ 

a — I 



Pulse width test mode 
o 



Event counter mode 
o 



Pulse output mode 




Iz. 



Timer X latch (8) 



Prescaler (8) 



FF, 6 L 



Timer X (8) 



L4 



Timer X count stop bit 
.( Bit 5 of address 00FF 16 ) 



^a 



*. to timer X interrupt 

request bit 



Reset, or 

STP instructions 



Toggle flip-flop 



<^_ 



I Prescaler latch(8) 



iZ. 



^L- 



Timer 1 latch (8)1 



Prescaler (8) 



i£ 



Timer 2 latch (8) 



Timer 1 (8) 



i-i. 



A-D control 
register 



from A-D 




Timer 2 (8) 



P3 6 

a 



c^ 



U-7 



■& 




Sync, 
circuit 



Transfer clock 



Y Serial 



I/O counter (3) 




to timer 
1 or A-D 
interrupt 
request 



to timer 2 or serial I/O 
interrupt request 
bit 



Serial I/O mode register (Address 00F6 16 ) 



Fig.4 Block diagram of timer X, timer 1, and timer 2 
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timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded- with any number ex- 
cept zero. 
The four modes of timer X as follows: 

(1) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

To use timer 1 and timer 2, set the bit of the PWM 
control register to "0". For more details, refer to PWM 
section. 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 



] Timer control register (Address 00FF 16 ) 



- Processor mode bit 

00 : Single-chip mode 

01 : Memory expanding mode 

10 : Microprocessor mode 

11 '. Eva-chip mode 



■ Timer X mode bit 

00 '. Timer mode 

01 '. Pulse output mode 

10 : Event counter mode 

11 '. Pulse width measurement mode 

■ Stack page bit 

.' page 

1 '. 1 page 

■ Timer X count stop bit 

: Count start 

1 : Count stop 

■ Timer X interrupt enable bit 

: Interrupt disable 

1 : Interrupt enable 

- Timer X interrupt request bit 

: No interrupt request 

1 : With interrupt request 



Fig.5 Structure of timer control register 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 6. 
In the serial I/O mode the receive ready signal (S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout. S| N ) are used as P3 7l P3 6 , P3 5 , and P3 4 , respectively. 
The serial I/O mode register (address 00F6 16 ) is a 4-bit 
register. Bits 1 and of this register is used to select a 
synchronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10] , the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11] , the oscillator fre- 



quency divided by 16, becomes the clock. 
Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a "1", P3 B becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P3 6 
and P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 2. Bit 3 



Oscillator Divider 



X, N 0-f(X| N ) 



1/16 



P3 7 Q 



Srd 



P3eQ 



CLK 



P3 5 (> 



P3,(> 



from Timer 1, 2 
prescaler 



Q 



t. 



Timer 2 (8) 



(Address 00FB 16 ) 




Serial I/O counter (3) 



Transfer clock 



MSB Serial I/O register (8) LSB 



D 



(Address 00F7 



31 




to timer 2 or serial I/O 
interrupt request bit 



Serial I/O mode register (Address 00F6 16 ) 

-Synchronous clock selection bit 

00: ] 

\ External clock 
01: J 

10: Timer 2 overflow signal divided by'2 

11: Oscillation frequency divided by 16 

- Serial I/O port selection bit (P3 5l P3 6 ) 
0: Normal I/O port 

1: Serial I/O port 

- S RDY signal output selection bit (P3?) 
0: Normal I/O port 

1: S RDY signal output pin 



Fig.6 Block diagram of serial I/O 
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determines if P3 7 is used as an output pin for the receive 
data ready signal (bit 3=1, S RDY ) or used as normal I/O pin 
(bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock — The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M50943-XXXSP is ready to receive the external serial data. 
The S RDY signal goes "H" at the next falling edge of the 
transfer clock. The serial I/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P3 5 . During the 
rising edge of this clock, data can be input from P3 4 and 
the data in the serial I/O register will be shifted 1 bit. 



Data is output starting with the LSB'. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External Clock — If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but the transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 7. An example of communication between 
two M50943-XXXSPs is shown in Figure 8. 
For the port type of S ut (P3 5 ) , N-channel open darain 
type or CMOS type can be selected by option. At the case 
of example of serial I/O connection-2, (Figure 9) N- 
channel open drain type must be selected. 



Synchronous clock 



Transfer clock 



Serial I/O register 

write signal 

Serial I/O output 

SoUT 

Serial I/O input S )N 

Receivable signal 
Srdy 
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Flg.7 Serial I/O timing 
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Sending side 



Receiving side 



Serial I/O mode register P3 7 






1 


1 






Set the directional 
register for P3 7 pin 
in input mode. 



P3 6 



Synchronous clock 



Serial data 



P3 7 Serial I/O mode register 



X 



P3 6 



P3 4 



Set the directional 
register for P3 4 pin 
in input mode. 



Fig.8 Example of serial I/O connection-1 
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Fig.9 Example of serial I/O connection-2 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 11. The analog 
input ports of the A-D converter (INO — IN7) are in common 
with input ports of the data bus. 

The 5-bit A-D control register is located at address 00F3-| 6 . 
One of the eight analog inputs is selected by bits 0, 1 and 
2 of this register. Bit 3 selects the interrupt source, either 
from timer 1 or the A-D itself. If bit 3 is "0", then the inter- 
rupt request is from timer 1, if it is a "1", then it is from the 
A-D. 

A-D conversion is accomplished by first selecting the ana- 
log channel (bit 0, 1 and 2) to be converted. Bit 3 should 
also be set to "1" to select the A-D as the interrupt source. 
The conversion is started when dummy data is written into 
address 00F2 16 . When the conversion is finished, an inter- 
rupt is generated by the A-D and the digital data can be 
read from the A-D register (address 00EF 16 ). The end of 
the conversion is determined by an A-D interrupt request 
bit (address 00FF 16 ). 



TZT 



A-D control register (Address 00'F3 16 ) 

-Analog input selection bits 
INO 



1- 
1 o- 

11- 
10 0- 
10 1- 

1 1 o- 



-IN1 
IN2 
-IN3 
-IN4 
-IN5 
-IN6 



1 1 1 IN7 

—Interrupt selection bit 

: Timer 1 interrupt 

1 '. A-D interrupt 

-A-D conversion speed selection bit 

: High-speed 

1 : Low-speed 



Fig. 10 Structure of A-D control register 
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Fig. 11 A-D converter circuit 
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The A-D conversion can also be programmed for high or 

low speed conversions. This is accomplished by using the 

A-D conversion speed switch bit (bit 4 of the A-D control 

register). If this bit is "0", then the speed is high (36/iS at 

f(X, N ) = 8MHz). If it is "1", then it is low speed (144/js at 

f(X, N ) = 8MHz). 

Port IN can also be used as an input port by reading data 

into address 00EE 16 . However, this cannot be done during 

A-D conversions. 

The A-D control register is shown in Figure 10. 



PWM 

The M50943-XXXSP has a pulse width modulated (PWM) 
output control circuit. The circuit outputs a variable duty cy- 
cle signal that can be used for a programmable pulse width 
and frequency. Timers 1 and 2 are used for the PWM. The 
block diagram of the PWM is shown in Figure 12. 
The PWM is composed of N-channel open drain transistors. 
When bit of the PWM control register is "0", the output 
transistors are turned off. When timers 1 and 2 are not used 
for PWM control, they operate in the normal timer modes. 
When bit of the PWM control register is "1", a rectangular 
wave is output according to the value set in timer 1 and 2 
(Figure 13.). The clock source frequency for the PWM is 
the oscillator frequency divided by 16. 
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SZ. 



Prescaler T 
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5Z 
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Fig. 12 Block Diagram of PWM 
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Fig. 13 PWM rectangle wave form 
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RESET CIRCUIT 

The M50943-XXXSP is reset according to the sequence 
shown in Figure 16. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2jus while the power voltage is in the re- 
commended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 15. 



An example of the reset circuit is shown in Figure 14. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of Xin-Xqut becomes stable. 



M50943-XXXSP 



RESET 



27 



57 



0V« 



I 



ov- 



^ Power on 



-4.5V 



M50943-XXXSP 



27 




Supply voltage 
detection circuit 



Address 

(1) Port PO directional register (E1 16 ) 

(2) Port P1 directional register (E3 16 ) 

(3) Port P2 directional register (E5 16 ) 

(4) Port P3 directional register (E9 16 ) 

(5) Port P4 directional register (EB 16 ) 

(6) Serial I/O mode register (F6 16 ) 

(7) PrescalerX (FC 16 ) 

(8) Timer X (FD 16 ) 

(9) Interrupt control register (FE 16 ) 

(10) Timer control register (FF 16 ) 

(11) Interrupt disable flag on (PS) 
processor status register 
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(PC L ) 

(13) A-D control register (F3 16 ) 
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Fig. 14 Example of reset circuit 



Fig. 15 Internal state of microcomputer at reset 
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Note 1 : Frequency relation of f(X, N ) and <f> is f(X| N )=4*0 

2 : The mark "?" means that the address is changeable depending on the previous state. 



Fig. 16 Timing diagram at reset 
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I/O PORTS 

(1 ) Port PO 

Port PO is an 8-bit I/O port with CMOS output. 
Pull-up transistor can be specified as an option. As 
shown in the memory map (Figure 1), port PO can be 
accessed at zero page memory address 00E0 16 . Port 
PO has a directional register (address 00E1 16 ) which 
can be used to program each individual bit as input 
("0") or as output ("1"). If the pins are programmed as 
output, the output data is latched to the port register 
and then output. When data is read from the output port 
the output pin level is not read, only the latched data in 
the port register is read. This allows a previously output 
value to be read correctly even though the output vol- 
tage level is shifted up or down. Pins set as input are 
in the floating state and the signal levels can thus be 
read. When data is written into the input port, the data 
is latched only to the port latch and the pin still remains 
in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF 16 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 

For more details, see the processor mode information. 
(4). Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O pins. For more details, see the processor mode in- 
formation. 

The output type of port P3 5 can be specified N-channel 
open drain output as an option. 

(5) Port P4 

Port P4 is a 4-bit I/O port with CMOS outputs. This port 
also has the pull-up transistor option. 

(6) Clock 2(f) output pin 

In normal conditions, the oscillator frequency divided 
by two is output as 20. 

(7) Clock </> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as <f>. 



(8) RESETo UT pin 

When the RESET pin goes to level "L", the RESETout 
pin also goes to "L". On the other hand, when the RE- 
SET pin goes to level "H", the RESETqut pin also goes 
to "H" after 5~9 clock cycles. This output is used to 
reset the external circuits. 

(9) Tnt7 pin 

The INTi pin is an interrupt input pin. The INTi inter- 
rupt request bit (bit 7 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(10) INTzpin 

The INT 2 pin is an interrupt input pin. When this signal 
level changes from "H" to "L", the interrupt request bit 
(bit 1 at address 00FE 16 ) is set to "1". 

(11) CNTR pin 

The CNTR pin is an I/O pin of timer X. In the event 
counter mode, CNTR becomes the input pin of the ex- 
ternal pulse. In the pulse output mode, the CNTR out- 
put changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 

(12) Port IN 

Port IN is an 8-bit input port to the A-D converter. The 
input contents of the port can be read to as the con- 
tents of address 00EE 16 . The read operation must be 
inhibited during A-D conversion. 
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Fig. 17 Block diagram of ports P0~P4 (in single-chip mode), and input and output formats of CNTR, <f>, 2<f> 
RESETqut, PWM, port IN 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 19 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 13. 
By connecting CNV S s to V S s, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 
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Fig. 18 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV S s is con- 
nected to V ss . Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNVss is connected to V S s and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port PT are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus (D 7 ~D ) and loses its 
normal I/O functions. Port P3i and P3 become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. 

(3) Microprocessor mode [10] 

After connecting CNV SS to V cc and initiating a reset, 
the microcomputer will automatically default to this 
mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 
this mode, this mode is the same as the memory ex- 
panding mode. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV SS pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 

The lower 8 bits of address data for port P0 is output 
when </> goes to "H" state. When <f> goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
<t> goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original I/O functions while <f> is at the "H" state, and 
works as a data bus of D 7 ~D (including instruction 
code) while at the "L" state. Pins P3-i and P3 output 
the SYNC and R/W control signals, respectively while 
is in the "H" state. When in the "L" state, P3 2) P3i 
and P3 retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 
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Fig. 19 Processor mode and functions of ports P0*~P3 

Table 2 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


V ss 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chjp mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
22. 

When the STP instruction is executed, the oscillation of in- 
ternal clock 0is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 20. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufacturers 
suggested value. 

The example of external clock usage is shown in Figure 21. 
X| N is the input, and X 0U t must be open. 
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Fig.20 External ceramic reasonator circuit 
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Fig.21 External clock input circuit 
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Fig.22 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+D. 

(2) Set a value other than "0" for the timer and the pre- 
scaler. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(4) Reading the timer and the prescaler must be avoided 
while the input to the prescaler is changing. 

(5) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(6) A NOP instruction must be used after the execution of 
a PLP instruction. 

(7) Notes on serial I/O 

© Set "0" in the serial I/O interrupt enable bit (bit 2 of 

address 00FE 16 ) before setting the serial I/O mode. 
© Insert at least one instruction and set "0" in the serial I/ 

O interrupt request bit (bit 3 of address 00FE 16 ) after 

setting the serial I/O mode. 
© Set "1" in the serial I/O interrupt enable bit after the 

operation described in ©. 

(8) The timer X and prescaler X must be set "FF 16 " im- 
mediately before the execution of a STP instruction.' 

(9) Notes on A-D conversion 

© Set "0" in the A-D interrupt enable bit (bit 4 of address 
00FE 16 ) befor setting A-D conversion. 

@ Insert at least one instruction and set "0" in the A-D in- 
terrupt request bit (bit 5 of address 00FE 16 ) after set- 
ting the A-D conversion. 

© Set "1" in the A-D interrupt enable bit after the opera- 
tion described in ©. 

® Set "0" in bit 3 of the A-D control register (address 
00F3 16 ) before using a STP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data • •• EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• Port P0 pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit 

• Port P3 pull-up transistor bit 

• Port P4 pull-up transistor bit 

• Port PWM pull-up transistor bit 

• Port CNTR pull-up transistor bit 

• Port P3 5 (Squt) output type 
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ABSOLUTE MAXIMUM RATINGS 








Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


—0.3—7 


V 


V, 


Input voltage RESET, X, N , INTi, INT 2 


—0.3—7 


V 


v, 


Input voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7> P4 ~P4 3 , CNTR 
IN0-IN7 


-0.3— Vcc+0. 3 


V 


V, 


Input voltage CNV S s 


-0.3—13 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 

P3 ~P3 7l P4 ~P4 3 , PWM, Xout 
<t>, 2<f>, RESETqut, CNTR 


-0.3— Vcc+0. 3 


V 


Pd 


Power dissipation 


T a =25°C 


1000(Note 1 ) 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



Note 1 : 300mW for QFP type. 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V ss 


Supply voltage 









V 


V, H 


"H" input voltage P0 ~P0 7l P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7> P4 ~P4 3 , IN0-IN7 
CNTR, INT,, INT 2) RESET 
X| N , CNVss 


0. 8V CC 




Vcc 


V 


V IL 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3o~P3 7 , P4 ~P4 3> IN0-IN7 
CNTR, INTi, TnT^, CNVss 







0. 2V CC 


V 


V IL 


"L" input voltage RESET • 







0. 12V CC 


V 


V, L 


"L" input voltage X| N 







0.1 6 Vcc 


V 


'oupeak) 


"L" peak output current P0 ~P0 7 , P1 ~P1 7 , PWM 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 3 , CNTR 






10 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1 ~P17, PWM 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 3 , CNTR (Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 7 , P1 ~P1 7 
P2o~P2 7 , P3 ~P3 7 
P4o~P4 3 , CNTR 






-10 


mA 


'oH(avg) 


"H" average output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P4o~P4 3 , CNTR (Note 2) 






-5 


mA 


f (x IM ) 


Internal clock oscillating frequency 






8 


MHz 



Note 2 : The average output current loL(avg) and loH(avg) are the average value of a period of 100ms. 
3 : The total of loupeak) should be 80mA max, for ports P0, P1, P2, P3, P4, CNTR, and PWM. 
The total of l H(peak) should be 80mA max, for ports PO, P1, P2, P3, P4, and CNTR. 
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ELECTRICAL CHARACTERISTICS (V cc =5V±10%,Vss=0V > T a =25r,f(x IN )==8MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7 . P4 ~P4 3l CNTR 


l OH =-10mA 

(at P3 5 is CMOS output) 


3 






V 


Vqh 


"H" output voltage <i>, 2 <t>, RESET ut 


l OH =-2.5mA 


3 






V 


Vol 


"L" output voltage P0 ~P0 7> P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , CNTR 
PWM 


l OL =10mA 






2 


V 


Vol 


"L" output voltage A 2 4>, RESET ut 


loL^SmA 






2 


V 


V t + - V T _ 


Hysteresis P3 6 


When used as CLK input 


0.3 




1 


V 


v T + - v T _ 


Hysteresis CNTR, TntT, Tnt^ 




0.3 




1 


V 


V T + - V T - 


Hysteresis RESET 






0.5 


0.7 


V 


V T + ~ V T _ 


Hysteresis X| N 


i' 


0.1 




0.5 


V 


'iL 


"L" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 
CNTR, PWM 


V|= V 

without pull-up transistor 






-5 


juA 


'"-. 


"L" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 
CNTR, PWM 


V,= V 

with pull-up transistor 


-40 


-70 


-125 


juA 


'iL 


"L" input current IN0~IN7 


V,= V 






-5 


juA 


I.L 


"L" input current INT,, INT 2 , RESET, X, N 


V,= V 






-5 


juA 


l|H 


"H" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3o~P3 7 , P4 ~P4 3 
CNTR, PWM 


V,=5V 






5 


/uA 


'iH 


"H" input current INO — IN7(at unselect) 


V, = 5 V 






5 


M A 


'iH 


"H" input current INT 1( INT 2 , RESET, X, N 


V, = 5V 






5 


juA 


l,H 


"H" input current V RE f 


V, = 5 V 






1 


mA 


Ice 


Supply current 


Output pins are open, ports PO, P1, P2, P3 
and P4 are connected to V C c. all other input 
and I/O pins are connected to V S s- 




6 


12 


mA 


Ucc 


Supply current for A-D 


during A-D conversion 




4 


8 


mA 



A-D CONVERTER CHARACTERISTICS (Vcc=AV cc =5V, V ss =AV S s=0V, T a =25°C, f (XlN) =8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 








8 


Bits 


- 


Absolute accuracy 


Vcc=AV C c=5V 
5V^V REF ^3V 






±3 


LSB 


Rladder 


Ladder resistance value 




5 






kH 


*CONV 


Conversion time 








36/144 


^s 


v REF 


Reference input voltage 




3 




Vcc 


V 


V IA 


Analog input voltage 








V REF 


V 
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TIMING REQUIREMENTS 

Single-Chip mode (V CC =5V±10%, V ss =0V, Ta=25°C, f {X|N )=8MHz f unless otherwise noted) 



Symbol 


Parameter 


Limits 


, Unit 


Min. 


Typ. 


Max. 


tsu(POD— <t>) 


Port PO input setup time 


200 






ns 


tsil(P1D— <*) 


Port P1 input setup time 


200 






ns 


*SU(P2D— <f) 


Port P2 input setup time 


200 






ns 


tsU(P3D— <4) 


Port P3 input setup time 


200 






ns 


tsU(P4D— <t>) 


Port P4 input setup time 


200 






ns 


tsUClND— <t>) 


Port IN input setup time 


200 






ns 


th(<*— POD) 


Port PO input hold time 


20 






ns 


th(0— pid) 


Port P1 input hold time 


20 






ns 


th(<*— P2D) 


Port P2 input hold time 


20 






ns 


th(<*— P3D) 


Port P3 input hold time 


20 






ns 


th(<*— P4D) 


Port P4 input hold time 


20 






ns 


th(«5— IND) 


Port IN input hold time 


20 






ns 


tc 


External clock input cycle time 


125 






ns 


t W 


External clock input pulse width 


. 62 






ns 


tr 


External clock rising edge time 






20 


ns 


tf 


External clock falling edge time 






20 


ns 



Eva-Chip mode (V CC =5V±10%, V ss =0V, T a =25 C, f (X|N )=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits. 


Unit 


Min. 


Typ. 


Max. 


tsu(POD— <t>) 


Port P0 input setup time 


200 






ns 


tsil(P1D— <fi) 


Port P1 input setup time 


200 






ns 


tsil(P2D— <f>) 


Port P2 input setup time 


200 






ns 


trKs^-POD) 


Port P0 input hold time 


20 






ns 


t|"l(v*— P1D) 


Port P1 input hold time 


20 






ns 


*h(<*— P2D) 


Port P2 input hold time - 


20 






ns 



Memory expanding mode and microprocessor mode 



(V CC =5V±10%, V S s=0V, Ta=25 C, f (X|N )=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsil(P2D— <4) 


Port P2 input setup time 


150 






ns 


*h(<6 — P2D) 


Port P2 input hold time 


20 






ns 



MITSUBISHI 
k ELECTRIC 



2-357 



MITSUBISHI MICROCOMPUTERS 

M50943-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



SWITCHING CHARACTERISTICS 
Single-chip mode (v cc =5v±io% ) v ss =ov, Ta=25 o c ( f (X| 



)=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*— poq) 


Port PO data output delay time 


Fig.23 






200 


ns 


tdU— P1Q) 


Port P1 data output delay time 






200 


ns 


^d(0— P2Q) 


Port P2 data output delay time 






200 


ns 


^d(0— P3Q) 


Port P3 data output delay time 






200 


ns 


td(0— P4Q) 


Port,P4 data output delay time 






200 


ns 



Eva-chip 


mode (V C c=5V±10%, V ss =0V, T a =25°C, f (X|N )=8MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(<*— POA) 


Port P0 address output delay time 


Fig.23 






150 


ns 


td(0— POAF) 


Port P0 address output delay time 






150 


ns 


td(tf— POQ) 


Port P0 data output delay time 






200 


ns 


*d(0— POQF) 


Port P0 data output delay, time 






150 


ns 


td(<£— p-ia) 


Port P1 address output delay time 






150 


ns 


td(0— P1AF) 


Port P1 address output delay time 






150 


ns 


^d(0— piq) 


Port P1 data output delay time 






200 


ns 


^d(0— P1QF) 


Port P1 data output delay time 






150 


ns 


td(0— P2Q) 


Port P2 data output delay time 






,200 


ns 


*d(0— P2QF) 


Port P2 data output delay time 






150 


ns 


^d(0— R/W) 


R/W signal output delay time 






150 


ns 


*d(0— R/WF) 


R/W signal output delay time 






150 


ns 


td(0— P3 Q) 


Port P3 data output delay time 






200 


ns 


*d(0— P3 QF) 


Port P3 data output delay time 






150 


ns 


*d(0— SYNC) 


SYNC signal output delay time 






150 


ns 


td(0— SYNCF) 


SYNC signal output delay time 






150 


ns 


^d(0— PS^) 


Port P3i data output delay time 






200 


ns 


^d(0— P3!QF) 


Port P3t data output delay time 






150 


ns 



Memory expanding mode and microprocessor mode 



(V C c=5V±10%, V S s=0V, T a =25°C, f (X|N )=8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tdU— POA) 


Port P0 address output delay time 


Fig.23 






150 


ns 


td(<*— pia) 


Port P1 address output delay time 






150 


ns 


*d(0— P2Q) 


Port P2 data output delay time 






200 


ns 


*d(0— P2QF) 


Port P2 data output delay time 


30 




150 


ns 


*d(<*— R/W) 


R/W signal output delay time 






150 


ns 


td(0— SYNC) 


SYNC signal output delay time 






150 


ns 











P0 
P1 
P2 
P3 
P4 


* iOOpF 


il00pF° 







Fig.23 Ports P0~P4 test circuit 
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20 PIN AC CHARACTERISTICS (V CC =5V, V ss =0V, f (X|N )=8MHz, T a =25°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tc 


Clock output cycle time 


Fig. 24 




250 




ns 


tw 


Clock output pulse width 


25 






ns 


tr 


Clock rising time 






75 


ns 


tf 


Clock falling time 






50 


ns 



Timing diagram of 2$ 







-<= 

A 


t w 


c 


5» 












/ ^ 


0. 2V CC 


1 


\ 
0. 8V CC 


' / 




\ 


' 




tf 








. *r ^ 























24> 






!50pF 






77 


r 



Fig.24 Test circuit of 2<f> 
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TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port IN input 









\ 


^ 


/ 














-«S- t(j (0-POQ) 












I 










tsU (POD-*) 

/ 




"£- 








\ 


-^ 




^t(j (<*~P1Q) 




<-th (0-POD) 


















*SU (P1D-0) 

/ 










-5> 


v s^ 






<r- t(J («>-P2Q) 




<-th (*-pid) 


















tsU (P2D-*) 

/ 










' 


N v 






<=r- t(j (^-p 3 Q) 




<"th (0-P2D) 


















tsU (P3D-«5) 










-3»> 


\ 


-> 


> 


<— t<j (0-P4Q) 




<£- th (0-P3D) 




r 














tsU (P4D-0) 

/ 










r 


\ 






*SU (IND-0) 


<- th U-P4D) 




' 


"^ 












*^~ th (tf-IND) 



f (X, N ) 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



/ 



Port P3 output (R/W) 



Port P3t output (SYNC) 



X 



>: 



- td (0-poa) 



>: 



-t(j (0-P1A) 



>c: 



floating 



>; 



-td U-R/W) 



>: 



" ^ U-SYNC) 



/ 






j 



x. 



r^'td (0-P2QF) 



■ *SU (P2D-{4) 



V 



- t|-| (0-P2D) 



X. 



X 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output ( r/w) 



Port P3! output (SYNC) 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M50944-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. 

This single-chip microcomputer is useful for business 
equipment and other consumer applications. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

The differences between the M50944-XXXSP and the 
M50944-XXXFP are the package outline and the power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size ROM 12288 bytes 

RAM 192 bytes 

• Instruction executing time 

2/^s (minimum instructions, at4MHz frequency) 

• Single power supply f(X, N )=4MHz -5V±10% 

f(X, N ) = 1MHz 3-5.5V 

• Power dissipation 

normal operation mode (at4MHz frequency) 

15mW 

low-speed operation mode (at 32kHz frequency for 
clock function) 0.3mW 

• Subroutine nesting 96 levels (Max.) 

• I nterrupt 10 types, 5 vectors 

• 8-bit timer 7 (6 when used as serial I/O) 

• Serial I/O 8-bitX2 

• Devider for serial I/O 1 

• Interrupt request distinguish register 8-bitX2 

• Programmable I/O ports (Ports P3, P4) 16 

• Middle-voltage programmable ports 

(Ports P0, P1, P2) 24 

• Input port (Ports R, IN) 12 

• A-D conversion 8-bit, 8-channel 

• Two clock generator circuits (One is for main clock, the 
other is for clock function) 

APPLICATION 

Camera, Office automation equipment, VCR, Tuner, 
Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 


input V REF — *■ |J_ 


\_/ 


U V cc 






IN 7 -U 




H AVcc 




IN 6 ^[T 




62]~P2 






IN5-E 




1D-^P2i 




Input port IN 


IN 4 — E 

in 3 — GE 




60]^P22 
H^>P2 3 






IN 2 -U 




ID-*P2 4 


I/O port P2 




in,-*-!! 




57|-P2 5 






INo — U 




1]^P2 6 






P4 7 /S RDY2 ~ Ho 




55]^P2 7 






P4 6 /CLK 2 **0I 




54]^po 






P4 5 /Sout2 — El 




U-wpd 




I/O port P4 


P4 4 /S 1N2 ^[T3 
P4 3 /INT 4 ++Q4 


2 

O 
CO 


U^po 2 

5l]^P0 3 






P4 2 /INT^ ** m 


4^ 


50]^P0 4 


I/O port PO 




P4 1 *>01 




iD^POs 






P4 — QZ 


X 
X 


H]~po 6 






P3 7 /S RD yi^[1 


CO 
"0 


£|^P0 7 






PSc/CLKt^OI 




D++P1 






P35/S O uti~[20 




4J0+*P1i 






P3 4 /S, N1 *>Hi 




44j+*P1 2 




I/O port P3 


P3 3 /T ** H 




H~P1 3 






P3 2 /CNTR«-H 




H^P1 4 


I/O port P1 




PVINT^Il 




4T]-P15 






P3 /lNTi ++ H 




40]~P1 6 




CNVss H 




U~P1 7 




Reset input RESET -* ||7 




1H NC 


Clock input X tN -*> [28 




m^-Ro 




Clock output XmiT •*— [29 




1-h-R, 




Clock input for v _^ rrr 
timer function XciN ^ 




1]«-R 2 


Input port R 


Clock output for X C out "*"" III 




HI^Ra 




timer function w [32 




33] -* Timing output 


c 


Outline 64P4 


B 


^.so.cn^^o.,^., 


C\IC\JCMC\IOOOOOOOOt-t-t-i-t-t- 


0.0-0.0.0.0.0-0-0-0.0.0.0.110-0.0.0- 


tuntunitntni 


|i5|Piirai^raraCTI^|^[4iiraiil|i8||57||5||i5|^|5|- 




P2 3 *+[H 




1~P1 6 


P2 2 **[l 




3+*P1 7 


P2 1 **[n 


O ; 


JD«-R 


P2o~0E 


U— R1 


AVcc H 




jD«-R 2 


V cc H 




3«-R 3 


AV SS HZ 




~§\-+<t> 


V REF — H 


M50944-XXXFP 


1 V ss 


IN7-* H 




11 ~~ * XcQUT 


IN 6 — do 




ll "*~~ XciN 


IN 5 -*Lli 

IN 4 — HI 


O O : 


1 — X OUT 
H^XiN . 


in 3 — ^ LH 




0] PRESET 


in 2 — m 




I] CNVss 


1 


2Jl2ji3jllJ[^l6jl7j[8jl9jyilJ|l2|y[l4|yHMN 




tinmiiiimnti 




zz k^ t z H 1- ? ? £ * $ z CEi-i- 


IStI gwzzo-Q- gU gw^^zz 


Iw w >'s Jn Mo CO >o ~ ~ 

^ JP "w Jf * * JJ- J? "w S? >. CO CO 


Outline 64P6S 


NC '. No connection 
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M50944-XXXSP BLOCK DIAGRAM 



Clock Clock 
input for output for 
Clock Clock Timing clock clock 
input output output function function 

X| N X UT X C |N XcOUT 
© © (p>— ® (3>- 



Reset 

input (5v) 

RESET V cc 



Reference 
voltage 
(OV) (5V) (OV) input 
V ss AVcc CNV SS V REF 

:■© 



Clock generating circuit 



H 



RAM 
192 
bytes 



T 



*±z. 



Program 
counter 

PC H (8) 



\7 



Program 
counter 

PC L (8) 



H 



ROM 
12288 
bytes 



8-bit 

arithmetic 

and. 

logical 

unit 



Accumulator 



Processor 
status 
register 

PS(8) 



Index 




Index 




Stack 


register 




register 




pointer 


X(8) 




Y(8) 




S(8) 



c 



a 



prescaler 
..PSC3(8) 



~x£ 



jT 



D 



Timer 1, 2~ 

prescaler 

PSC118I 



D 



^* T3(8 



xn 



T>^> 



prescaler 
PSC4 (8) 



& 



Iv 



^L 



iz. 



Instruction 
register (8) 



H 



Instruction 
decoder 



Control signal 




Input port IN Input port R I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 



to 

z 
o 
r 
m 



■o 

00 

I 

2 

H 
O 

3 

o. 

(A 



o 

o 
o 

o 

s 

■o 
c 

H 

m 
so 



3| 

2 s 

^ - 

^ 3 
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FUNCTIONS OF M50944-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2/us (minimum instructions, at 4MHz frequency). 


Clock frequency 


4. 2MHz (main clock input), 32kHz (for clock function) 


Memory size 


ROM 


12288bytes 


RAM 


192bytes 


Input/Output port 


PO, P1, P2.P3, P4 


I/O 


8-bitX5 


IN 


Input 


8-bitXl 


R 


Input 


4-bitX1 


Serial I/O 


8-bitX2 


Timers 


8-bit prescalerX3+8-bit timerX4 (3 when serial I/O is used) 


Subroutine nesting 


96 levels (max.) 


Interrupts 


Four external interrupts, Four timer interrupts (or three timers,. one serial I/O) 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator). 


Supply voltage 


5V±10%(at f(X| N )=4MHz), 3.0~5.5V(at f(X, N )^1.0MHz) 


Power dissipation » 


At high-speed operation 


15mW(atf (X, N )=4MHz). 


At low-speed operation 


0.3mW(atf'(X C iN>=32kHz). 


At stop mode 


1^A (at clock stop) 


Input/Output 
Characteristics 


Input/Output voltage 


5V (ports P3, P4) 


12V (ports PO, P1, P2) 


Output current 


10mA (ports PO, P1, P2: middle voltage N-channel open drain output). 


— 5~10mA (ports P3, P4: CMOS tri-state output) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


M50944-XXXSP 


64-pin shrink plastic molded DIP 


M50944-XXXFP 


64-pin shrink plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
V ss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V S s- 


CNV S s 


CNVss 




This is usually connected to V S s. 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2,us (under normal V C c 
conditions). If more time is needed for the crystal oscillatior to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xin and Xout pins. If an external 
clock is used, the clock source should be connected the Xin pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 


<t> 


Timing output 


Output 


This is the timing output pin. 


XciN 


Clock input for 
clock function 


Input 


This is the I/O pins of the clock generating circuit for the clock 'function. To control generating frequency, 
an external ceramic or quartz crystal oscillator is connected between the X C in and X C out pins. If an external 
clock is used, the clock source should be connected to the Xcin pin and the Xcout pin should be left open. 
This clock can be used as a program controlled the system clock. 


XcoUT 


Clock output for 
clock function 


Output 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is N-ch open drain. A pull-up 
transistor is built-in between the V C c pin and this port. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port with CMOS output. The other functions are basically the same as port PO. 

P3o, P3L P32 arid P33 pins are in common with INT2, INT1, CNTR and T respectively. When serial I/O1 is 

used, P3 4l P3 5 , P3 6 and P3z work as S| N i, Soim- CLK1 and Srdyi pin respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 

P4 2 and P4 3 pins are in common with INT 3 and INT4 respectively. When serial l/0 2 is used, P4 4 , P4 5 , P4 6 

and P47 work as S| N 2. Sout2> CLK 2 and Srdy2 pin respectively. 


Ro"~R3 


Input port R 


Input 


Port R is a 4-bit input port. 


IN ~IN 7 


Analog input port IN 


Input 


Port IN is the analog input pin to the A-D converter. It also has a dual function and works as a normal input 
port. 


AVcc, AV SS 
(Note) 


Voltage input for A-D 




This is the power supply input pin for the A-D conveter. 


v REF 


Reference voltage 
input 


Input 


This is the reference voltage input pin for the A-D conveter. 



Note. This pin is for flat package only. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50944-XXXSP is shown in Figure 
1. Addresses D000 16 to FFFF 16 are assigned to the built-in 
ROM area which consists of 12288 bytes. Addresses FF00 16 
to FFFF 16 are a special address area (special page). By 
using the special page addressing mode of the JSR in- 
struction, subroutines addressed on this page can be called 
with only 2 bytes. Addresses FFF4 16 to FFFF 16 are vector 
addresses used for the reset and interrupts (See interrupt 



chapter) . Addresses 0000 16 to 00FF 16 are the zero page 
address area. By using the zero page addressing mode, 
this area can also be accessed with 2 bytes. The use of 
these addressing methods will greatly reduce the object 
size required. 

The RAM, I/O port, timer, etc. addresses are already 
assigned for the zero page. Addresses 0000 16 to 00BF 16 are 
assigned for the built-in RAM which consists of 192 bytes of 
static RAM. This RAM is used as the stack during sub- 
routine calls and interrupts, in addition to data storage. 



Zero page < 



RAM 

(192 bytes) 



0000 u 



00BF 16 



00E0 1( 



OOFF, 



ROM 
(12288 bytes) ' 



Special page 

for 

subroutine 

call 



D000, 



FF00 1f 



FFF4 1C 



V FFFF 16 





Not used 




Not used 






Address 
Address 


L 
H. 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 



Decimal 





191 



255 



INT 4 or A-D * 

INT3 or Timer 4 
INT 2 or Timer 3 
Timer 2 or Serial I/O 
INT! or Timer 1 V 



RESET 

65535 



00E0 16 


Port P0 


00E1 16 


Port P0 


directional 
register 


00E2 16 


Port P1 


00E3 16 


Port P1 


directional 
register 


00E4 16 


Port P2 


00E5 16 


Port P2 


directional 
register 


00E6 16 




00E7 16 




00E8 16 


Port P3 


00E9 16 


Port P3 


directional 
register 


00EA 16 


Port P4 


00EB 16 


Port P4 


directional 
register 


00EC 16 


Port IN 


00ED 16 


Timer 4 prescaler 


00EE 16 


Timer 4 


00EF 16 


A-D register 


00F0 16 


I Port R 


00F1 16 


Interrupt request distinguish 
registerl 


00F2 16 


Interrupt request distinguish 
register2 


00F3 16 


A-D control register 


00F4 16 


Serial l/0 2 mode register 


00F5 16 


Serial l/0 2 register 


00F6 16 


Serial I/O, mode register 


00F7 16 


Serial I/O, register 


00F8 16 


Serial l/0 2 clock selection register 


00F9 16 


Timer 3 prescaler 


00 FA, 6 


Timer 3 


00FB 16 


Timer 1,2 prescaler 


00FC 16 


Timer 1 


00FD 16 


Timer 2 


00FE 16 


Interrupt control register 


00FF 16 


Timer control register 



Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, input/out- 
put, etc., is executed mainly through the accumulator. 

INDEX REGISTER X (X) 

The index register X is an 8-bit register. In the index regsi- 
ter X addressing mode, the value of the OPERAND added 
to the contents of the index register X specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 



INDEX REGSITER Y (Y) 

The index register Y is an 8-bit register. In the index regis- 
ter Y addressing mode, the value of the OPERAND added 
to the contents of the index register Y specifies the real 
address. 



7 


A 


7 


X 


7 


Y 


7 ■ 


S 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



PC H 



p C L Program counter 



Processor status register 

-Carry flag 

- Zero flag 

— Interrupt disable flag 



-Decimal mode flag 

- Break flag 

- Index X mode flag 

- Overflow flag 

- Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
When an interrupt occurs, the higher 8 bits of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8 bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 
the return from interrupt instruction (RTI) is executed, the 
program counter and processor status register data is pop- 
ped off the stack in reverse order from above. 
The accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the accumulator to its 
previous value is accomplished by the Pop Accumulator in- 
struction (PLA). It is executed in the reverse order of the 
PHA instruction. 

The contents of the Processor Status Register (PS) are 
pushed and popped to and from the stack with the PHP 
and PLP instructions, respectively. 

During a subroutine call, only the program counter is 
pushed into the stack. Therefore, any registers that should 
not be destroyed should be pushed into the stack manually. 
To return from a subroutine call, the RTS instruction is 
used. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 
Carry flag (C) , Zero flag (Z) , Overflow flag (V) or the 
Negative flag (N) . Each bit of the register is explained 
below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic Logic Unit (ALU) immediately after an op- 
eration. It is also changed by the shift and rotate instruc- 
tions. The set carry (SEC) and clear carry (CLC) instruc- 
tions allow direct access for setting and clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "0". If the result is not zero, the zero flag 
will be set to "1". 



3. Interrupt disable flag (I) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt is 
accepted, this flag is automatically set to "1" to prevent 
from other interrupts until the current interrupt is completed. 
The SEI and CLI instructions are used to set and clear this 
flag, respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is "0", the operations are ex- 
ecuted in binary. Decimal correction is automatically ex- 
ecuted. The SED and CLD instructions are used to set and 
clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the B flag will 
be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the T flag, respectively. 

7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the V flag. The overflow flag is reset by the CLV 
instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is "1"). Whenever the BIT 
instruction is executed, bit 7 of the memory location is input 
to the N flag. There are no instuctions for directly setting or 
resetting the N flag. 
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INTERRUPT 

The M50944-XXXSP can be interrupted from ten sources; 
IN'H or timer 1, timer 2 or serial l/0 1f INT 2 or timer 3, INT 3 
or timer 4, INT 4 or A-D or BRK instruction. The value of bit 
2 of the serial l/C^ mode register (address 00F6 16 ) deter- 
mines whether the interrupt is from timer 2 or from serial 
l/Ov When bit 2 is "1" the interrupt is from serial \/0 1t and 
when bit 2 is "0" the interrupt is from timer 2. Also, when bit 
2 is "1", parts of port 3 are used for serial \/O v Bit 7 and bit 
5 of the interrupt request distinguish regisrer 1 (address 
00F1 16 ) distinguish whether the interrupt request is from 
INT! pin or timer 1. When bit 7 is "1", the interrupt is re- 
quested from IN^ pin and bit 5 is "1", the interrupt is re- 
quested from timer 1. Bit 3 and bit 1 of the interrupt re- 
quest distinguish register 1 (address 00F1i 6 ) distinguish 
whether the interrupt request is from INTi pin or timer 1. 
When bit 3 is "1", the interrupt is requested from INT 2 pin 
and bit i is "1", the interrupt is requested from timer 3. 
Also, bit 7 and bit 5 or bit 3 and bit 1 of the interrupt re- 



quest distinguish register 2 distinguish whether the inter- 
rupt request is from INT 3 pin or timer 4 and INT 4 or A-D, re- 
spectively. 

These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same function as an interrupt. When an interrupt is 
accepted, the contents of certain registers are pushed into 
specified locations, as discussed in the stack pointer sec- 
tion, and the interrupt disable flag (I) is set, and the prog- 
ram jumps to the address specified by the interrupt vector, 
and the interrupt request bit is cleared automatically. The 
reset interrupt is the highest priority interrupt and can never 
be inhibited. Except for the reset interrupt, all interrupts are 
inhibited when the interrupt disable flag is set to "1". All of 
the other interrupts can further be controlled individually via 
the interrupt control register shown in Figure 3. An interrupt 
is accepted when the interrupt enable bit and the interrupt 
request bit are both "1" and the interrupt disable flag is "0". 
The interrupt request bits are set when the following condi- 
tions occur: 




Interrupt request distinguish register 1 (address 00F1 16 ) 

Bit 7 '. INTt interrupt request bit 

Bit 6 : IN"^ interrupt enable bit 

Bit 5 I Timer 1 interrupt request bit 

Bit 4 ! Timer 1 interrupt enable bit 

Bit 3 : INT 2 interrupt request bit 

Bit 2 : INT 2 interrupt enable bit 

Bit 1 : Timer 3 interrupt request bit 

BitO : Timer 3 interrupt enable bit 



Interrupt request distinguish register 2(address 00F2 16 ) ' 

Bit 7 : INT 3 interrupt request bit 

Bit 6 ) INT3 interrupt enable bit 

Bit 5 '. Timer 4 interrupt request'bit 

Bit 4 : Timer 4 interrupt enable bit 

Bit 3 : INT4 interrupt request bit 

Bit 2 '. INT 4 interrupt enable bit 

Bit 1 : A-D interrupt request bit 

BitO : A-D interrupt enable bit 

Interrupt control register( address 00FE 16 ) 
Bit 7 '• INT! or timer 1 interrupt request bit 
Bit 6 : INTt or timer 1 interrupt enable bit 
Bit 5 I INT 2 or timer 3 interrupt request bit . 
Bit 4 '. INT 2 or timer 3 interrupt enable bit 
Bit 3 I INT3 or timer 4 interrupt request bit 
Bit 2 ! INT3 or timer 4 interrupt enable bit 
Bit 1 : INT4 or A-D interrupt request bit 
BitO ' INT4 or A-D interrupt enable bit 



Timer control register(address 00FF 16 ) 

Bit 7 '. Timer 2 or Serial l/C^ interrupt request bit 

Bit 6 : Timer 2 or Serial l/d interrupt enable bit 



Interrupt S~r |_ Interrupt disable flag I 

request v — *i 



Fig. 3 Interrupt control 
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(1) When the level of INT^ INT 2 , INT 3 or INT 4 pin changed 

(2) When the contents of timer 1, timer 2 (or the serial 
l/0 1 counter), or timer 4 goes to "0" 

When the two interrupt requests, which are the same prior- 
ity, are at the same sampling, the priority process is pro- 
cessed by interrupt request distinguish register 1 and 2. 
These request bits can be reset by a program but can not 
be set. Since the BRK instruction interrupt and the A-D in- 
terrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt or if A-D generated the inter- 
rupt. 



Table 1. Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16 , FFFE 16 


INT! or timer 1 


2 


FFFD 16) FFFC 16 


Timer 2 or serial l/G^ 


3 


FFFB 16( FFFA 16 


INT 2 or timer 3 


4 


FFF9 16 , FFF8 16 


INT 3 or timer 4 


5 


FFF7 16l FFF6 16 


INT4 or A-D(BRK) 


6 


FFF5 16 , FFF4 16 



| I Timer control register (Address 00FF 16 ) 



- Processor mode bit 

00 : Single-chip mode 

01 '. Memory expanding mode 

10 .' Microprocessor mode 

11 '. Eva-chip mode 

- Timer 3 prescaler count source selection bit 

: divided by 4 

1 • Xcin (clock for clock function) 

- Timer 4 prescaler count source selection bit 

.' divided by 4 

1 '. External clock 



- Timer 3 count stop bit 

: Count start 

1 : Count stop 

- Timer 2 or serial l/d interrupt enable bit 

'. Interrupt disable 

1 '. Interrupt enable 

- Timer 2 or serial I/Cm interrupt request bit 

I No interrupt request' 

1 '. With interrupt request 



TIMER 

The M50944-XXXSP has seven timers; timer 1, 2 prescaler, 
timer 1, timer 2, timer 3 prescaler, timer 3, timer 4 prescal- 
er and timer 4. Interrupt from timer 2 cannot be used at us- 
ing serial I/O (see serial I/O section). 
A block diagram of timer 1 through 3 and timer 4 is shown 
in .Figure 5 and Figure 6 respectively. The count source for 
timer 3 prescaler and timer 4 prescaler can be selected by 
using bit 2 and 3 of the timer control register (addres 
00FF 16 ), as shown in Figure 4. 

All of the timers are down count timers and have 8-bit 
latches. When a timer reaches "0" and the next count pulse 
is input to a timer, the contents of the reload latch are 
loaded into the timer. The division ratio of the timer is 1/(n 
+1 ), where n is the contents of timer latch. 
Each timer has interrupt generating functions. The timer in- 
terrupt request bits (in the interrupt request distinguish 
register 1, the interrupt request distinguish register 2, the 
interrupt control register and the timer control register) is 
set at the next count pulse after the timer reaches "0". The 
interrupt distinguish register 1 and 2 are located at addres- 
ses 00F1 16 and 00F2 16 respectively. 

The starting and stopping of timer 3 prescaler is controlled 
by bit 5 of the timer control register. If the corresponding 
bit is "0", the timer starts counting, when the corresponding 
bit is "1", the timer stops. 

After a STP instruction is executed, timer 3 prescaler, timer 
3, and the clock {$ divided by 4) are connected in series 
(regardless of the status of bit 2 of the timer control 
register). This state is canceled if timer 3 interrupt request 
bit is set to "1", or if the system is reset, and it becomes a 
former count source decided with bit 2 of the timer control 
register. Before the STP instruction is executed, bit 5 of the 
timer control register must be set to "0", bit of the inter- 
rupt request distinguish register 1 must be set to "1", bit 1 
of the interrupt request distinguish register 1 must be set to 
"0", bit 4 of the interrupt control register must be set to "0" 
and bit 5 of the interrupt control register must be set to "0". 
For more details on the STP instruction, refer to the oscilla- 
tion circuit section. 



Fig. 4 Structure of timer control register 
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Fig. 5 Block diagram of timer 1 through timer 3 
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a 



P3 2 / CNTR 



a- 



P4 6 / CLK 2 



0/4 




S2M1 S2M2 



P4 5 latch 



O— <*!■ 



P45 / S UT2 

o- 

P4 4 / S IN2 

T Selection gate (At reset the 
shaded side is connected.) 



Timer 4 prescaler 
latch (8) 



TM 3 



Timer 4 
prescaler(8) 



Timer 4 latch (8) 



8 { 



Timer 4(8) 



Serial l/0 2 clock selection register 



1/N 



>o 



0XX---N = 1 
100-- N = 2 
101-N = 4 
'110-N = 8 
111— n =16 



1/2 



Sync, 
circuit 



S 2 M! S 2 M 
00, 01 : External clock 

10 : 1/2 of timer 4 

11 : Serial l/0 2 clock divider 



Serial l/0 2 
counter (3) 



F/F 

1 



Serial l/0 2 

register (8) 



T 



► Timer 4 interrupt request bit (IF2 5 ) 



IF2 : Interrupt request distinguish register 2 
S 2 M : Serial l/0 2 mode register 



Fig. 6 Block diagram of timer 4 
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SERIAL l/0 1 

A block diagram of the serial I/O-! is shown in Figure 7. In 
the serial l/d mode, the receive ready signal (S RDY i), syn- 
chronous input/output clock (CLK^ , and the serial l/0 1 
(Soun'i S| N1 ) pins are used as P3 7 , P3 6 , P3 5 , and P3 4l re- 
spectively. 

The serial l/0 1 mode register (address 00F6 16 ) is an 8-bit 
register. Bits 1 and of this register are used to select a 
synchronous clock source. When these bits are [00] or [01] 
, an external clock from P3 6 is selected. When these bits 
are [10] , the overflow signal (from timer 2) divided by two 
becomes the synchronous clock. Therefore, changing the 



timer period will change the transfer speed. When the bits 
are [11] , the internal clock divided by 4 becomes the 
clock. 

Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous is 
selected, the clock is output from P3 6 . If an external syn- 
chronous clock is selected, the clock is input to P3 6 . And 
P3 5 will be a serial output and P3 4 will be a serial input. To 
use P3 4 as a serial input, set the directional register bit 
which corresponds to P3 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 




P3e(> 



CLK, 



P3 5 Q-^IL 



Timer 1, 2 
prescaler(8) 



Timer 2(8) 



^ 



& 




1/2 



Serial l/d counter (3) 



Transfer clock 



MSB Serial I/O register(8) LSB 



D 



(Address 00F7 16 ) 



n 



Data bus 




to timer 2 or serial 
I/O interrupt 
request bit 



Serial I/O1 mode register 



■ Synchronous clock selection bit 

00 : i 

Q1 . J External clock 

10 ! Timer 2 overflow signal divided by 2 

11 : Timing divided by 4 

Serial I/O! port selection bit (P3 5 , P3 6 ) 

: Normal I/O port 

1 : Serial l/Oi port 

Srdyi signal output selection bit (P3 7 ) 

: Normal I/O port 

1 '. S RD Y1 signal output pin 



Fig. 7 Block diagram of serial I/O 
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To use the serial l/O^ bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial l/Ch counter instead of timer 1. Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal ( bit 3 = "1 ", S RDY1 ) or used as a normal I/O 
pin (bit 3="0"). 

The function of the serial l/O n differs depending on the 
clock source; external clock or internal clock. 
Internal Clock — The S RDY i signal becomes "H" during 
transmission or while dummy data is stored in the serial \/0- l 
register. After the falling edge of the write signal, the S RDY i 
signal becomes low signaling that the M50944-XXXSP is 
ready to receive the external serial data. The S RDY i signal 
goes "H" at the next falling edge of the transfer clock. The 
serial \/0^ counter is set to 7 when data is stored in the se- 
rial I/O! register. At each falling edge of the transfer clock, 



serial data is output to P3 5 . During the rising edge of this 
clock, data can be input from P3 4 and the data in the serial 
I/O! register will be shifted 1 bit. Data is output starting with 
the LSB. After the transfter clock has counted 8 times, the 
serial I/O-, register will be empty and the transfter clock 
will remain at a high level. At this time the interrupt request 
bit will be set. 

External Clock— If an external clock is used, the interrupt 
request will be set after the transfter clock has counted 8 
times but the transfter clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 8, and connections 
between two M50944-XXXSPs' are shown in Figure 9. 



Synchronous clock 



Transfer clock 



Serial \/Oi register _ 
write signal 

Serial l/O n output ' 

SoUT1 



Serial \/0, input 

S| N1 



Receivable signal 
Srdyi 



u7J _ un_n_n_n_n_f' 



4 



)C5XIXH)C»DaGDGDCE 



Dooaoooczx: 



Interrupt request bit set 



Fig. 8 Serial \/0, timing 
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P3 5 
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P3 4 


deceiving \/0^ mode register 
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Synchronous clock 


bit 3 bitC 


. 
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1 







1 


1 
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Set the directional 
register for P3 7 pin 
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Fig. 9 Example of serial I/O, connection 
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Mj Serial l/C^ mode register (Address 00F6 16 ) 



Synchronous clock selection bit 
^ : . External clock 

10 : Timer 2 overflow signal divided by 2 

11 : Timing divided by4 

normal operation .'f(X| N )/16 
low-speed operation : f(X C)N )/8 



Serial I/O, port selection bit 

: Normal I/O port 

1 : Serial I/O, port 

Srdyi signal output selection bit 

: Normal I/O port 

1 : Srdyi signal output pin 

P3 3 /T output selection bit 

*. Normal I/O port 

1 : Timer 2 overflow signal divided by 2 



Clock(X| N -X u-r)stop bit 

: Oscillation 

1 : Stop 

Internal system clock source selection bit 

: X| N -Xout (normal mode) 

1 : X C | N -X C out( low-speed mode) 



Fig. 10 Structure of serial l/Oi mode register 
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SERIAL l/0 2 

A block diagram of the serial l/0 2 is shown in Figure 11. 
In the serial l/0 2 mode the receive ready signal (S RDY 2), 
synchronous input /output clock (CLK 2 ), and the serial l/0 2 
pins (S ut2. S )N2 ) are used as P4 7> P4 6 , P4 5 , and P4 4) re- 
spectively. 

The serial l/0 2 mode register (address 00F4 16 ) is an 8-bit 
register. Bits 1 and of this register is used to select a 
synchronous clock source. 

When these bits are [00] or [01] , an external clock from 
P4 6 is selected. When these bits are [10], the overflow sig- 
nal from timer 4, divided by two, becomes the synchronous 



clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are (11), the timing 4> divided 
by 4, becomes the clock. 

Bit 2 and 3 decide whether parts of P4 will be used as a 
serial l/0 2 or not. When bit 2 is a "1", P4 6 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P4 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P4 6 
and P4 5 will be a serial output and P4 4 will be a serial in- 
put. To use P4 4 as a serial input, set the directional register 
bit which corresponds to P4 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 








L 



Reset 

Serial l/0 2 ■ 
register write signal 



s qY*- s 2 m 4 

: Serial l/0 2 
during 
transfer 

1 : Serial l/0 2 
end 



MSB Serial l/0 2 register(8) LSB 
(Address 00F5 16 )^^ 



Serial l/0 2 mode register (Address 00F4 16 ) 



- Synchronous clock selection bit 

00 : | 

01 . J External clock 
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Fig. 11 Block diagram of serial l/0 2 
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To use the serial l/0 2 , bit 2 needs to be set to "1", if it is 
"0" P4 6 will function as a normal I/O. Bit 3 determines if P4 7 
is used as an output pin for the receive data ready signal 
(bit 3=1, S RDY2 ) or used as normal I/O pin (bit 3=0). The 
serial l/0 2 function is discussed below. The function of the 
serial l/0 2 differs depending on the clock source; external 
clock or internal clock. 

Internal clock — The S RDY 2 signal becomes "H" during trans- 
mission or while dummy data is stored in the serial l/0 2 
register (address 00F5 16 ) . After the falling edge of the 
write signal, the S RDY 2 signal becomes low signaling that 
the M50944-XXXSP is ready to receive the external serial 
data. The S RDY 2 signal goes "H" at the next falling edge of 
the transfer clock. The serial l/0 2 counter is set to 7 when 
data is stored in the serial l/0 2 register. At each falling 



edge of the transfer clock, serial data is output to P4 5 . Dur- 
ing the rising edge of this clock, data can be input from P4 4 
and the data in the serial l/0 2 register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial l/0 2 register will be empty 
and the transfer clock will remain at a high level. At this 
time the serial l/0 2 end bit will be set. 
External clock — If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 12. 
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Fig. 12 Serial l/0 2 timing 
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A block diagram of clock divider for serial l/0 2 is shown in 
Figure 13. Bit 2, 1 and of the serial l/0 2 clock selection 
register (address 00F8 16 ) determine the dividing ratio of 
the serial l/0 2 clock. When these bits are [OXX], the timing 
divided by 4 is selected. When these bits are [100) , 



[101] , [110] and (111) , the timing 4> divided by 8, 16, 32 
and 64 are selected respectively. 

To use the clock divider for serial l/0 2l both bit 1 and bit 
of the serial l/0 2 mode register (address 00F4 16 ) need to 
be set to "1". 
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Fig. 13 Clock divider for serial l/0 2 
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Fig. 15 Structure of serial l/0 2 clock selection register 



Fig. 14 Structure of serial l/Q 2 mode register 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 17. The analog 
input ports of the A-D converter (IN ~IN 7 ) are in common 
with the input ports of the data bus. 

The 6-bit A-D control register is located at address 00F3 16 . 
One of the eight analog inputs is selected by bits 0, 1 and 2 
of this register. 

A-D conversion is accomplished by first selecting the ana- 
log channel (bit 0, 1 and 2) to be converted. The conversion 
is started when dummy data is written into address 00EF 16 . 
When the conversion is finished, an interrupt is generated 
by the A-D and the digital data can be read from the A-D 
register (address 00EF 16 ). The end of the conversion is de- 
termined by either the A-D conversion end bit (bit 5 of the 
A-D control regiser) or an A-D interrupt request bit. 
The A-D conversion can also be programmed for high or 
low speed conversions. This is accomplished by using the 
A-D conversion speed switch bit (bit 4 of the A-D control 
register) . For more information on the electrical character- 
istics of the high and low speed conversions, refer to the 
electrical characteristics section. 

Port IN can also be used as an input port by reading data 
into address 00EC 16 . However, this cannot be done during 
A-D conversions. 
The A-D control register is shown in Figure 16. 



7 o 

I | 111 I I I I A-D control register (address 00F3 16 ) 



*High speed at^=1MHz 

Low speed at 0=1 MHz 

Convert speed; t AD =72//s 

Convert speed; t AD =288^s 



Analog input select bit 
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010! IN 2 . 
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111 : in 7 
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: High speed* 
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I Under conversion 
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Fig. 16 Structure of A-D control register 
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Fig. 17 A-D conversion circuit 
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RESET CIRCUIT 

The M50944-XXXSP is reset according to the sequence 
shown in Figure 20. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/us while the power voltage is in the recom- 



(1) 

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

0) 
(10) 

(11) 

(12) 
(13) 
(14) 

(15) 

Sir 
(i 
the 
Nc 


Address 




Port P0 directional register (DO) (E1 16 ) ••• 
Port P1 directional register (D1) (E3 16 ) ••• 
Port P2 directional register (D2) (E5 16 ) ••• 
Port P3 directional register (D3) (E9 16 ) ••• 
Port P4 directional register (D4) (EB 16 )... 
Serial \/0 A mode register (S^KFG^) ••• 
Serial l/0 2 mode register (S 2 M)(F4 16 ) ... 

Serial l/0 2 clock selection (F6 16 ) 
register 


00! 6 


00 16 


' oo 16 


oo 16 


oo 16 
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* 































































A-D control register (F3 16 ) 
Interrupt request (IF1)(F1 16 ) 






1 
















00 16 


distinguish register 1 




Interrupt request (IF2)(F2 16 ) "' 
distinguish register 2 


0016 




Interrupt control register ( I M ) ( FF 16 ) ■ • • 
Timer control register (TM)(FE 16 ) ••• 


00 16 


oo 16 


Interrupt disable flag for ( ps) • • • 












1 










Program counter (PC H ) ••• 


Contents of 
address FFFF16 






(pc l )- 


Contents of 
address FFFE16 


ce the contents both registers other than the 
nclouding timer 1, timer 2, timer 3, and the sc 
3 RAM are undefined at reset, it is necessar 
te : * means mask option 


>se listed above 
jrial I/O register) and 
y to set initial values 



mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 18. 
An example of the reset circuit is shown in Figure 19. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X, n -X ut becomes stable. 
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Fig. 19 Example of reset circuit 



Fig. 18 Internal state of microcomputer at reset 
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depending upon the previous state. 



Fig. 20 Timing diagram at reset 
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I/O PORTS 

(1) Port PO 

Port PO is an 8-bit output port with N-channel open 
drain and high voltage output. Each pin has a pull-up 
transistor option. As shown in the memory map (Figure 
1 ) , port PO can be accessed at zero page memory 
address 00E0 16 . 

Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the high impedance state and 
the signal levels can thus be read. When data is writ- 
ten into the input port, the data is latched only to the 
output register and the pin still remains in the high im- 
pedance state. 

Depending on the status of the processor status regis- 
ter (bit and bit 1 of address 00FF 16 ) , four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode section. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1's functions are slightly 
different from PO's. For more details, see the processor 
mode section. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO, In the other modes, P2's functions are slightly 
different from PO's. For more details, see the processor 
mode section. 

(4) Port P3 

Port P3 is an 8-bit I/O port having CMOS output. Each 
pin is shared with serial l/0 1( timer overflow and exter- 
nal interrupt input functions. These functions remain the 
same even if the device is used in other modes. 

(5) Port P4 

Port P4 is an 8-bit I/O port with CMOS outputs. Each 
pin is shared with serial l/0 2 , and external interrupt in- 
put functions. During all modes except single-chip 
mode, P4! and P4 function as both SYNC and R/W 
outputs as well as I/O ports (see processor mode 
section). 

(6) Port R 

Port R is a 4-bit input port. 



(7) Port IN 

Port IN is an 8-bit input port to the A-D converter. It can 
also be used as an input port by reading the input data 
into address 00EC 16 . However, this port cannot be read 
during A-D conversion. 

(8) Clock <f> output pin 

This is the timing output pin. When selected the main 
clock (X, n -X ut) as the internal system clock, the clock 
frequency divided by four is outputed. However, when 
selected the clock for clock function (X C in-X C out). tn © 
clock frequency divided by two is outputed. 
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Fig. 21 Block diagram of port P0~ P4 and port R (single-chip mode) 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 of address 00FF 16 ) , four different operation modes 
can be selected; singlerchip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, micro- 
processor mode and eva-chip mode, P0~P2 and P4 can 
be used as multiplexed I/O for address, data and control 
signals, as well as the normal functions of the I/O ports. 
Figure 23 shows the functions of ports P0~P2, and P4 cor- 
responding to each mode. 

The memory map of the single-chip mode is illustrated in 
Figure 1, and the other modes are shown in Figure 22. By 
connecting the CNV S s to V ss , all four modes can be 
selected through software by changing the processor mode 
regsiter. Connecting CNV S s to V C c automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNV S s places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 
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state, PO retains its original I/O functions. 
. Port P1's higher 8 bits of address data are output when 
^goes "H" state and as it changes back to the "L" 
state it retains its original I/O functions. 
Port P2 retains its original output functions while </> is at 
the "H" state, and works as a data bus of D 7 ~ D 
(including instruction code) while at the "L" state. 
Pins P4 t and P4 output the SYNC and R/W control 
signals, respectively while (f> is in the "H" state. 
When in the "L" state, P^ and P4 retain their original 
I/O functions. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes "H" 
state when it fetches the OP code. 

,(3) Microprocessor mode [10] 

After connecting CNV SS to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. The relationship between the input level of 
CNVss and the processor mode is shown in Table 2. 
In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pin is 
lost. Port P2 becomes the data bus (D 7 ~D ) and loses 
its normal I/O functions. Port P4^ and P4 become the 
SYNC and R/W pins respectively and the normal I/O 
functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to the CNV SS pin, the micro- 
computer is forced into the eva-chip mode. This mode 
has almost the same function as the memory expanding 
mode except that it needs all its programs to come 
from the outside (including ROM programs). The main 
purpose of this mode is to evaluate ROM programs 
prior to masking them into the microcomputer's internal 
ROM. 



Fig. 22 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0—P4 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV SS is connected to V ss and 
■« the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address data for port P0 is output 
when > goes to the "H" state. When <f> goes to the "L" 
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Fig. 23 Processor mode and functions of ports P0~P2, P4 
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CLOCK GENERATING CIRCUIT 

The M50944-XXXSP has two internal clock generating cir- 
cuit. Figure 26 shows a block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the clock in- 
put pin X| N divided by four is used as the internal clock 
(timing output) </>. Bit 7 of serial \/Oi mode register can be 
used to switch the internal clock to 1/2 the frequency ap- 
plied to the clock input pin X C in- 

Figure 24 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacture's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the X iN (X C in) pin and leave the X ut 
(Xcout) pi" open. A circuit example is shown in Figure 25. 
The M50944-XXXSP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C in clock) stops with the internal clock <j> 
held at "H" level. In this case, 0/4 is selected as timer 3 
prescaler input. Before executing the STP instruction, 
appropriate values must be set in timer 3 prescaler and 
timer 3 to enable the oscillator to stabilize when restarting 
oscillation. And the timer 3 count stop bit must be set to 
supply ("0"), timer 3 interrupt enable bit must be set to en- 
able ("1"), and timer 3 interrupt request bit must be set to 
no request ("0"), INT 2 or timer 3 interrupt enable bit must 
be set to disable ("0") and INT 2 or timer 3 interrupt request 
bit must be set to no request ("0"). 

Oscillation is restarted (release the stop mode) when INT^ 
INT 2 , INT 3 , INT4, or serial l/Oi interrupt is received. The in- 
terrupt enable bit of the interrupt used to release the stop 
mode must be set to "1". When restarting oscillation with an 
interrupt, the internal clock <f> is held "H" until timer 3 over- 
flows and is not supplied to the CPU. When oscillation is 
restarted by reset, "L" level must be kept to the RESET pin 
until the oscillation stabilizes because no wait time is 
generated. 

The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock <f> stops at "H" 
level, but the oscillator does not stop. <f> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to "1" before executing the WIT instruction. 
Low power dissipation operation is also achieved when the 
X| N clock is stopped and the internal clock </> is generated 
from the X C | N clock (120> A max. at f (X C | N ) = 32kHz) '. X, N 
clock oscillation is stopped when the bit 6 of serial l/0 2 
mode register (address 00F6 16 ) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
An "L" level must be kept to the RESET pin until the 
oscillation stabilizes when resetting while the X !N clock is 



stopped. Figure 27 shows the transition of states for the 
system clock. 
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Fig. 24 External ceramic resonator circuit 
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Fig. 25 External clock input circuit 
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Fig. 26 Block diagram of clock generating circuit 
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when CLK option "1" 



Note 1 . At recovery from the STP Instruction, wait time occurs automatically by connecting timer 3 prescaler and timer 3. 

This time is set by the program. 
2 . When S 1 M 6 =1, and unsystem clock is operated, a programmed wait time may be necessary to allow the oscila- 

tor stabilize. 
3 . When connected the clock divided by four as the count source of timer, frequency of count source is 4kHz. 



Fig.27 Transition of states for the system clock 
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*<An example of flow for system^* 



Normal operation 



Operation on the clock 
function only 



Return from clock function 



RAM backup function 



(1) When CLK option "0" 
Power on reset 
i 
Clock X and Clock for clock function X c oscillation 

Internal system clock start (X-*1/4-*- 4>) 

Program start from RESET vector 



J 



(2) When CLK option "1" 
Power on reset 

Clock for clock function X c oscillation 

Internal system clock start (X c -*1/2-* q 

Program start from RESET vector 



Normal program 



-Operation at 4 MHz 



Normal program 



S 



"-Operation at 
32. 768kHz 



Internal clock <f> source switching X( 4 MHz)-*X CL k(32. 768kHz) (St M 7 : 0— 1 ) 
Clock X halt (X c in operation)(S 1 M 6 = 1 ) 

Internal clock halt (WIT instruction) 

i 
[-►Timer 1 (clock count) overflow 

I 
Internal clock operation start (WIT instruction) 



Clock processing routine 



- Operating at 32. 768kHz 



-Internal clock halt (WIT instruction) 
INT! or timer 1 , timer 2 or serial \/Oi, INT 2 or timer 3 INT 3 or timer 4 , INT 4 
Internal clock operation start (WIT instruction released) 
Program start from interrupt vector 
Clock X oscillation start (StM^ ) 



Oscillation rise time routine (software) 



1 
Internal clock 4> souce switching (X C -*X)(S 1 M 7 



—Operating at 32.768kHz 
►0) 



Normal program —Operating at4MHz 



STP instruction preparation (pushing registers) 



i 
Timer3 interrupt disable (IF1 =1, IM 4 =0), Timer3 interrupt no request (IF1i=0, IM 5 =0) 

Timer 3 count stop bit resetting (TM 5 = ) 

Clock X and clock function X c halt (STP instruction) 



RAM backup status 



Return from RAM backup 
function 



Interrupts from INT 1( INT 2l INT 3l INT 4 or serial l/d 

Clock X and clock for clock function X c oscillation start 

Timer 3 overflow (X/16 or X c /8— ►timer 3 prescaler— ►timer 3) 
(Automatically connected by the hardware) 

Internal system clock start (X/4 or X c /2-*<f>) 

Program start from interrupt vector 



Normal program 



S 
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PROGRAMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1).(n = 0~ 
255) 

(2) When the timer 1, timer 2, timer 3 or timer 4 is input 
the clock except <f>/4 or it divided by timer, read the 
contents of these timers either while the input of these 
timers are not changing or after counting of timers are 
stopped. 

(3) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD inductions are 
executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Notes on serial l/0 1 

© Set "0" in the serial I/On interrupt enable bit (bit 6 of 
address 00FF 16 ) before setting the serial \/0^ mode. 

© Insert at least one instruction and set "0" in the serial I/O 
interrupt request bit (bit 7 of address 00FF 16 ) after set- 
ting the serial I/O! mode. 

(D Set "1" in the serial \/0, interrupt enable bit after the 
operation described in @. 

(7) The timer 3 prescaler and the timer 3 must be set the 
necessary value immediately before the execution of a 
STP instruction. 

(8) The V REF pin must be kept open or connected to V S s at 
the low power dissipation mode. 

(9) Use the LDA (immidiate, T=1) instruction to modify 
the interrupt request distinguish register. SEB and CLB 
instructions can be used only when interrupts in the 
register are not generated at executing these instruc- 
tions. 

(10) Do not write any data into an address where no regis- 
ter nor port is assigned. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1 ) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data ■•• EPROM3sets 

Write the following option on the mask ROM cofirmation 
form 

• Port P0 pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit 

• Port P3 pull-up transistor bit 

• Port P4 pull-up transistor bit 

• Clock source option at reset 

• STP instruction 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

Output Transistors are at "OFF" state. 


—0.3—7 


V 


V, 


Input voltage CNV SSl P0 ~P0 7l P1 ~P17, P2 ~P2 7 


-0.3—13 


V 


v, 


Input voltage R ~R3, X| Nl X C in. RESET 


-0.3-7 


V 


V, 


Input voltage P3 ~P3 7 , P4 ~P4 7 , IN ~IN 7 , V REF 


-0.3— Vcc+0.3 


V 


Vo 


Output voltage P3 ~P3 7 ,P4 ~P4 7l X C0U t, X ut, 4> 


-0.3-V CC +0.3 


V 


Vo 


Output voltage P0 ~P0 7) P1 ~P1 7l P2 ~P2 7 


-0.3—13 


V 


Pd 


Power Dissipation 


T a =25°C 


1000(Note 1) 


mW 


Topr 


Operating Temperature 




—10—70 


°C 


Tstg 


Storage Temperature 




-40—125 


°C 



Note 1 . 600mW for QFP type. 



RECOMMEND OPERATING CONDITIONS 







(V CC =5V±10%, T a = 


— 10~70°C, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


f(X, N )=4MHz 


4.5 


5 


5.5 


V 


f(X, N )^lMHz 


3 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V, H 


"H" input voltage P3 ~P3 7 , P4 ~P4 7 , IN ~IN 7 ,CNV S s 


0.8 V cc 




Vcc 


V 


V, H 


"H" input voltage Ro~R3 


0. 4V CC 




Vcc 


V 


V, H 


"H" input voltage RESET, X| N , X C | N 


0. 8V CC 




Vcc 


V 


V,h 


"H" input voltage P0 ~P0 7 , P1 ~P1 7 . P2 ~P2 7 


0. 8V CC 




12 


V 


V IL 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 

P3 ~P3 7l P4 ~P4 7l IN ~IN 7 , CNV S s 







0. 2V CC 


V 


V,l 


"L" input voltage Ro~R3 







0.1 2 Vcc 


V 


V,L 


"L" input voltage RESET 







0.12V CC 


V 


V, L 


"L" input voltage X| Nl X C in 







0.16V CC 


V 


'oL(sum) 


"L" sum output current P0 ~P0 7> P1 ~P1 7 , P2 ~P2 7 






60 


mA 


'oH(sum) 


"H" sum output current P3 ~P3 7 , P4 ~P4 7 






-30 


mA 


'oL(sum) 


"L" sum output current P3 ~P3 7l P4 ~P4 7 






60 


mA 


'oL(peak) 


"L" peak output current P0 ~P0 7| P1 ~P1 7 , P2 ~P2 7 






20 


mA 


'oH(peak) 


"H" peak output current P3 ~P3 7 , P4 ~P4 7 






-10 


mA 


'oL(peak) 


"L" peak output current P3 ~P3 7l P4 ~P4 7 






20 


mA 


'oL(avq) 


"L" average output current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 






10 


mA 


'oH(avq) 


"H" average output current P3 ~P3 7 , P4 ~P4 7 






-5 


mA 


loL(avq) 


"L" average output current P3o~P3 7l P4 ~P4 7 






10 


mA 


f(x, N ) 


Clock oscillating frequency 


V CC =5V 






4.3 


MHz 


V CC =3V 






1.1 


f (X C | N ) 


Clock oscillating frequency 


V CC =5V 






500 


kHz 


for clock function 




V CC =3V 






300 



Note 1 . The maximum "H" input voltage for CNV S s is +12V. 
2 . The duty cycle for these oscillation frequency is 50%. 

3 . When the low speed mode is used, the clock input oscillation frequency for the timer must satisfy 
the following expression : f(X C)N ) <f(X |N )/ 3 

4 . The avarage output current loH(avg) and 'oL(avg) are tne average value during a 100ms cycle. 

5 . f(x C | N ) must be less than 50kHz when the external clock is to be used. 
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ELECTRICAL CHARACTERISTICS (V CC =5V±10%, V ss =0V, T a =25°C, f(X |N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 








Limits 


Unit 




Min. 


Typ. 


Max. 


Voh 


"H" output voltage P3 ~P3 7 , P4 ~P4 7 


V CC =5V, l 0H =-5mA 


3 






V 


V C c=3V, l OH =-1.5mA 


2 






Voh 


"H" output voltage <f> 


V C c=5V, l OH =-2.5mA 


3 






V 


V C c=3V, l 0H = -0.8mA 


2 






Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , 

P2 ~P2 7l P3o~P3 7 , P4 ~P4 7 


Vcc=5V, l OL =10mA 






2 


V 


V CC =3V, l 0L =3mA 






1 


Vol 


"L" output voltage 4> 


V C c=5V, l L=2. 5mA 






2 


V 


V C c=3V, l OL =0. 8mA 






1 


V T+ -V T - 


Hysteresis PSo/INT,, PSi/INTz 
P4 2 /INT^, P4 3 /INT^ 


use as interrupt 
input 


V CC =5V 


0.3 




1 


V 


V CC =3V 


0.15 




0.7 


V T +-V T _ 




Vcc=5V 




0.5 


0.7 


V 


Hysteresis RESET 


Vcc=3V 




0.35 




V t +-V t - 


Hysteresis PZ & /C\.^, P4 6 /CLK 2 


use as CLK 
input 


V C c=5V 


0.3 




1 


V 


Vcc=3V 


0.15 




0.7 


V T +-V T - 


Hysteresis Xin 


V CC =5V 


0.1 




0.5 


V 


Vcc=3V 


0.06 




0.3 


V t +-V t - 


Hysteresis P3 2 /CNTR 


Use as CNTR input 


V CC =5V 


0.3 




1 


V 


V CC =3V 


0.15 




0.7 


I.l 


"L" input current P0 ~P0 7 , P1 ~P1 7 

P2 ~P2 7 , P3 ~P3 7 , P4 ~P4 7 


V,=0V without 
pull-up T r . 


V CC =5V 






-5 


juA 


V CC =3V 






-4 


V,=0V, with 
pull-up T r . 


V CC =5V 


-35 


—70 


-140 


V CC =3V 


-12 


-25 


-40 


l|L 


"L" input current INo~IN 7 


V,=0V 


V CC =5V 






-5 


MA 


V CC =3V 






-4 


IlL 




V,=0V 


V CC =5V 






-5 


mA 


"L" input current RESET, X| N , X C in. Ro~R3 


V C c=3V 






-4 


l|H 


"H" input current P0 ~P0 7 , P1 ~P17, 

P2 ~P2 7> P3 ~P3 7 , P4 ~P4 7 


V|=5V, without pull-up transistor 






5 


/uA 


l|H 


"H" input current IN ~IN 7 


V|=5V, not use as analog input 






5 


juA 


llH 


"H" input current RESET, X )N , X C in, Ro~R3 


V,=5V 






5 


ma 


l|H 


"H" input current V REF 


V,=5V 






5 


mA 


Ice 


Supply current 


Open output ports, 
Vp=V C c, . 
Input port is V S s. 
at normal operation. 


X| N =4MHz, Vcc^V 




3 


6 


mA 


X, N =1MHZ, V CC =3V 




0.4 




Open output ports, 

Vp=V C c, 

Input port is V S s. 

at wait mode. 


X, N =4MHz, V CC =5V 




1 




mA 


X,n=1MHz, V CC =3V 




0.2 




Open output ports, 
Vp= Vcc. Input port is V S s. 
at normal operation, stop 
Xin and Xout. X C i N =32kHz. 


Vcc=5V 




60 


200 


juA 


V CC =3V 




25 




Open output ports, 

Vp=V C c, Input port is V S s, 
at wait mode, stop X| N 
and Xout- X C iN=32kHz. 


Vcc=5V 




40 




M A 


V CC =3V 




15 




Stop all oscillation. 


T a =25 C 


V CC =5V 




0.1 


1 


/uA 


V CC =3V 




0.06 




T a =70°C 


V CC =5V 




1 


10 


V CC =3V 




0.6 




Ucc 


Supply current for A-D 


at A-D converting time 




2 


4 


mA 
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Cl x 

-4- Xl 






c 3 



c!3rX 



-5V 



V 



*in RESET] 

Output pins open 
X-duT 

Input pins 

X-CIN 



CNV S 



Xt =4MHz Ceramic resonator 
X 2 =32. 768kHz Quartz crystal 

d resonator 

C, = C 2 =150pF 

R, =1Mn 
C 3 =10pF 
C 4 =30pF ■ 
R 2 =10Mn 
R 3 =100kn 



Fig. 28 Test circuit for measuring supply current 



A-D CONVERTER CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 








8 


bits 


— 


Absolute accuracy 


Vcc=AV C c=Vref=5.12V 






±3 


LSB 


Rladder 


Ladder resistor value 




1 






kH 


tcONV 


Conversion time 


High-speed : 0=1 MHz 






72 


jus 


Low-speed '. 0=1 MHz 






288 


us 


Vref 


Reference input voltage 








Vcc 


V 


V,A 


Analog input voltage 








v REF 


V 
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TIMING REQUIREMENTS 

Single-Chip mode (V CC =5V±10%, V ss =6v, T a =25°C, f( X|N )= 4 MHz unless other wise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(POD— <t>) 


Port PO input setup time 




270 






ns 


tsu(P1D— (*) 


Port P1 input setup time 




270 






ns 


tsU(P2D— <fi) 


Port P2 input setup time 




270 






ns 


tsU(P3D— <t>) 


Port P3 input setup time 




270 






ns 


tsU(P4D— 0) 


Port P4 input setup time 




270 






ns 


tsiKRD— </>) 


Port R input setup time 




270 






ns 


tsuOND— <A) 


Port IN input setup time 




270 






ns 


th(0— POD) 


Port PO input hold time 




20 






ns 


^h(0— pid) 


Port P1 input hold time 




20 






ns 


th(<4— P2D) 


Port P2 input hold time 




20 






ns 


^h(«»— P3D) 


Port P3 input hold time 




20 






ns 


th(<*— P4D) 


Port P4 input hold time 




20 






ns 


*h(0— RD) 


Port R input hold time 




20 






ns 


th {<t>— IND) 


Port IN input hold time 




20 






ns 


*C(X| N ) 


External clock input cycle time (X| N ) 




230 






ns 


tw(X| N ) 


External clock input pulse width (X, N ) 




75 






ns 


tcCXcN) 


External clock input cycle time (X C in) 




2 






ms 


WCXcin) 


External clock input pulse width (X C in) 




1 






ms 


tr 


External clock rising edge time 








25 


ns 


tf 


External clock falling edge time 








25 


ns 



Memory expanding mode and eva-chip mode 

(V CC =5V±10%, V ss = V, T a =25°C, f (X|N )= 4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsil(POD— 56) 


Port P0 input setup time 




270 






ns 


tsil(P1D— (A) 


Port P1 input setup time 




270 






ns 


tsu(P2D— 4>) 


Port P2 input setup time 




270 






ns 


th(<*— POD) 


Port P0 input hold time 




20 






ns 


*h(0— P1D) 


Port P1 input hold time 




20 






ns 


*h<9* — P2D) 


Port P2 input hold time 




20 






ns 



MiCrOprOCeSSOr mode (V CC =5V±10%, V ss = V, T a =25°C, f (X|N )= 4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU(P2D— 0) 


Port P2 input setup time 




270 






ns 


*h(?*— P2D) 


Port P2 input hold time 




20 






ns 
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SWITCHIN 
Single-chi 


G CHARACTERISTICS 
3 mode (v cc =5v±io%, v ss =ov, 


T a =25°C, f(X| N )= 4 MHz unless otherwise noted) 










Symbol 


Parameter 1 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


' Max. 


*d(<*— poq) 


Port PO data Output delay time 


Fig. 29 






230 


ns 


tcK^— P1Q) 


Port PI data output delay time 






230 


ns 


*d(0— P2Q) 


Port P2 data output delay time 






230 


ns 


tcK^*— P3Q) 


Port P3 data output delay time 






230 


ns 


td(0— P4Q) 


Port P4 data output delay time 






230 


ns 



Memory expanding mode and eva-chip mode 





(V CC =5V 


±10%, V ss =0V, T a =25 C,f(x 1N )= 


4 MHz unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*— POA) 


Port P0 address output delay time 


Fig. 29 






250 


ns 


td(«i— POAF) 


Port P0 address output delay time 






250 


ns 


td(4»— POQ) 


Port P0 data output delay time 






200 


ns 


td(<*— POQF) 


Port P0 data output delay time 






200 


ns 


tdU-piA) 


Port P1 address output delay time 






250 


ns 


*d(^— P1AF) 


Port P1 address output delay time 






250 


ns 


*d(<*— piq) 


Port P1 data output delay time 






200 


ns 


td(«>— P1QF) 


Port P1 data output delay time 






200 


ns 


^(0— P2Q) 


Port P2 data output delay time 






300 


ns 


^d(0— P2QF) 


Port P2 data output delay time 






300 


ns 


td(0— R/W) 


R/W signal output delay time 






250 


ns 


td(0— R/WF) 


R/W signal output delay time 






250 


ns 


td(<*— P4 Q) 


Port P4 data output delay time 






200 


ns 


td(<*— P4 QF) 


Port P4o data output delay time 






200 


ns 


td(<6— SYNC) 


SYNC signal output delay time 






250 


ns 


td(0— SYNCF) 


SYNC signal output delay time 






250 


ns 


td(<6— P4 1 Q) 


Port P4-\ data output delay time 






200 


ns 


*d(0— P4!QF) 


Port P4t data output delay time 






200 


ns 



MiCrOprOCeSSOr mode (V CC =5V±10%, V ss =0V, T a =25 C,f(x 1N )= 4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(0— POA) 


Port P0 address output delay time 


Fig. 29 






250 


ns 


td(<*— pia) 


Port P1 address output delay time 






250 


ns 


*d(<6— P2Q) 


Port P2 data output delay time 






300 


ns 


td(?>— P2QF) 


Port P2 data output delay time 






300 


ns 


*d(<*— R/W) 


R/W signal output delay time 






250 


ns 


td(<*— SYNC) 


SYNC signal output delay time , 






250 


ns 




Fig. 29 Test circuit of ports P0~p4 
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TIMING DIAGRAMS 

In single-chip mode <t> 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port R input 



Port IN input 



\ / 



X 



■ t(j (0-POQ) 




t(j (0-P1O) 



X 



-t(j (0-P2Q) 



X 



- t(j (0-P3Q) 



X 



-t(j (0-P4O) 



tsu (POD-*)- 



y 



y 



y 



*SU (P3D-«»^*- 



>r 



tsu (P4D-*)— »" 



/T 



>r 



*SU(lND-(*)- 



y 



tc(x, N ) or t C (x cm ) 



v 



- th (^-POD 1 



V 



- th (0-pid) 



X 



-th (0-P2D) 



K 



" th (*-P3D) 



V 



*— th (0 



V 



-*— th(<*-RD) 



V 



• th(0-|ND) 



T(X 1N ) 

or 

f (*ciN> 



tw(x, N ) or t W (x C | N ) 



*-t r 



x / 
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In memory expanding mode and eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P4 output (R/W) 



Port P4, output (SYNC) 



y 



X 



■* t(j (0-POA) — *" 



X 



-* — t(j ((U-P1A) 



>: 



" — t(j (0-P2Q) — *~ 



>: 



" t'(j (0-R/W) •" 



"* — t(j (0-SYNC) — •" 



>; 



y 



- td (0-POAFi 



xx 



■ td (0-POQ) 



tsu (POD-0: 






"* — td (0-P1AF) 



xx 



' td (<J5-P1Q) 



tsu (P1D-0! 



y 



- td (0— P2QF) 



>x 



tsU (P2D-0) 



y 



' ^d (0-R/WF) *~ 



XX 



** — td (0-P3 o O) 



"* — td (0-SYNCF) 



xx 



td (*-P3,OJ 



■*— td (0-POQF) 



X 

X. 



th (0-PODl 



K td (tf-PIQF 

x= 

X 



th (0-P1D) 



X 



x 



th (*-P20) 
"* td (0-P3 o QF) 



>: 



>: 



- td (0-P3,QF) 
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In microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P4 output (R/W) 



Port P4i output (SYNC) 



s 



\ / 



X 



- t(j (0-POA) 



X 



- t<j (*-P1A) 



X. 



floating 



X 



- t(j (0-R/W) 



X 



- t(j (0-SYNC) 



X 



- t<j («J-P2Q) 



tsU (P2D-*) — » 



X 



X 



X 



t(j (*-P2QF) 



x::: 

\ 



tp (#-P2D) 



x 



x 



2-398 



MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50950-XXXSP 
M50951-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION . 

The M50950-XXXSP and the M 50951 -XXXSP are single- 
chip microcomputers designed with CMOS silicon gate 
technology. Both are housed in a 52-pin shrink plastic 
molded DIP. 

These single-chip microcomputers are useful for business 
equipment and other consumer applications. 
In addition to their simple instruction set, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

These microcomputers are also suitable for applications 
which require fluorescent display tubes. 
The differences between the M50950-XXXSP and the 
M50951-XXXSP are noted below. The following explana- 
tions apply to the M50950-XXXSP. Specification variations 
for other chips, these are noted accordingly. 



Type name 


ROM size 


M50950-XXXSP 


6144bytes 


M50951-XXXSP 


4096bytes 



DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size ROM 6144 bytes (M50950-XXXSP) 

4096 bytes ( M50951 -XXXSP) 

RAM 144 bytes 

© Instruction execution time 

•••• 1.6/iS (minimum instructions, at 5MHz frequency) 

• Single power supply f (X, N )=5MHz 5V±10% 

• Power dissipation 

normal operation mode (at 5MHz frequency) ••••20mW 

low-speed operation mode (at 32kHz frequency 

for clock function) 0.4mW 

• Subroutine nesting 72 levels (Max.) 

• Interrupt 7 types, 5 vectors 

• 8-bit timer 3 (2 when used as serial \/0 A ) 

• Programmable I/O ports (Ports P2 , P2 1f P3, P4) 14 

• Input ports (Port P5) 6 

• High-voltage output ports (Ports P0, P1, P2 2 ~ P2 7 ) •••• 22 

• Serial I/O (8-bit) • 2 

• Two clock generator circuit (One is for main clock, the 
other is for clock function) 



PIN 


CONFIGURATION (TO 


>P VIEV 

52] V cc 


V) 


■ 


P2 4 -|I 


\s 


High-voltage 
I/O port P2 


P2 3 -[Z 
P2 2 -[I 
P2 1 ~[T 






13-P25 
H— P2 6 

49]-*.P2 7 


High-voltage 
I/O port P2 


I/O port P2 


P2 -[I 






48]^P0 




P4 3 /S RD Y2~H 






D— po, 




I/O port P4 2 /CLK 2 ~[[ 






U — po 2 




P4 P4 1 /S OUT2 -0E 






45j^P0 3 


High-voltage 


• P4 /S, N2 ~[I 






44]— P0 4 


output port PO 




P3 7 /S RDY1 — [To 






H^po 5 






P3 6 /CL^**^l 


en 


en 


H— po 6 






P3 5 /Souti~ m 


o 

CO 


o 

CD 


4?]— P0 7 




I/O port 


P3 4 /S| N1 ^>[T3 


01 on 
-i- o o 


I2I--PI0 




P3 


P3 3 /T ~ in 


X X 


U— Pii 






P3 2 — m 


X 
X 


X 
X 


38]-> P1 2 






ps^O! 


C/) 


C/5 


U-P13 


High-voltage 




P3 — m 






H— pi 4 


output port P1 


Input j PSa/INT!— EI 






l-*pi5 




portP5 i p5 2 /int 2 — m 






E^pi 6 




CNVss [20 






1-pi 7 




Reset input r ES ET-*[2J_ 






1-Vp 


Pull down 
voltage input 


Clock input X IN — ♦ H| 






3]]*-P54 




Clock output Xout *~~ HI 
Clock input for XriN — [24 
clock function °' N p 






11-P5 5 
H«-P5 6 


Input port P5 


Clock output X cout *- lis 






U — P5 7 




for clock V S s |26 
function 






H— 


Timing output 






Oi 


jtline 


52P4B 





APPLICATION 

Office automation equipment 
VCR, Tuner, Audio-visual equipment 
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M50950-XXXSP BLOCK DIAGRAM 

Clock output for clock function 
Clock output Timing output 

Clock input Clock input for clock function 

X|n Xout X C in Xcout ^ RESET V P 



(5V) 
Vcc 



(OV) 

V SS CNVss 



( 


22^2 

f 






r 


1 


Clock 

generating 

circuit 

















--% — 



"~1 



Data bus 



8-bit 
arithemetic 

and 
logical unit 



12 



~ZS 



SJL 



K~J 



Address bus 



Program 




Program 


counter 




counter 


PC H (8) 




PC L (8) 



II 



Stack 
pointer S(8) 



Accumulator 
A(8) 



TT^T 



RAM 
144 bytes 



H 



Index 
register X(8) 



Index 
register Y(8) 



ROM 
61 44 bytes 

(Note!) 



ir^r ^t 



{ Timer count source selection circuit 



-N 



I 



Timer 2 
T2(8) 



■V 



Timer 3 
T3(8) 



Instruction 
register (8) 



n 



Instruction 
decoder 



Control signal 



Timer 1 
T1(8) 



Z\ 



12: 



31 



7Y 



si/chW 



1Z 



., \ 



' ,f f x Mf ' ,f * i'-" t >f ii' " ixxixxxx xxlx ], Xx 



souti 



Srdyi 
CLK1 



12: 



P3(8) 

FTTTT 



3E 



7V 



SlN2 



SOUT2 



SRDY2 
CLK 2 



P4(4) 

Ull' 



INT 2 INTi 



AL 



P5(6) 

TTTTTT 



High-voltage output port High-voltage output port I/O port P2 I/O port P3 
Note 1 : 4096 bytes for M50951-XXXSP (a part of high-voltage port) 



H |r 1! ', 

I/O port P4 



Input port P5 



J 



2 

z 
o 

r 

m 
■ 

o 



00 

■ 

S 

H 
O 

i w 

5 S 

2 x 

? * 
2 x 



H 

c 

2 
3! 



01 


Jm 





3 


<0 


(■) 


01 


a 


O 





1 





X 




2 


X 


■0 


X 


c 


0) 


m 


■0 


so 
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FUNCTIONS OF 


M50950-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1. 6,us (minimum instructions, at 5MHz frequency) 


Clock frequency 


5MHz 


Memory size 


ROM 


6144bytes (4096bytes for M50951-XXXSP) 


RAM 


144bytes 


Input/Output ports 


PO, P1 


Output 


8-bitX2 (high-voltage P-channel transistor : V CC -36V) 


P2 2 ~P2 7 


Output 


6-bitX1 (high-voltage P-channel transistor : V C c — 36V) 


P2 , P2i 


I/O 


2-bitX1 (N-channel open drain) 


P3 


I/O 


8-bitX1 (a part is used both as serial l^ and I/O port) 


P4 


I/O 


4-bitX1 (used both as serial l/0 2 and I/O port) 


P5 


Input 


6-bitXl (a part is used both as INT^ INT 2 and I/O port) ' 


Serial I/O 


8-bitX2 


Timers 


8-bit timerX3 (2 when serial I/O is used) 


Subroutine nesting 


72 levels (max) 


Interrupts 


Two external interrupts, Three internal timer interrupts 
(ortlmerX2,SI/OiX1) 


Clock generating circuit 


Two build-in circuits (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at high-speed operation 


20mW (clock frequency X, N =5MHz) 


at low-speed operation 


0. 4mW (clock frequency X C i N =32kHz) 


at stop mode 


\fj. A (at clock stop) 


Input/Output characteristic 


Input/Output voltage 


12V (Input/Output P2 , P2 1( P3, P4) 


V CC -36V (output PO, P1 , P2 2 ~P2 7 ) 


Output current 


10mA (P2 0> P2i, P3, P4) 


—12mA (PO, P1, P2 2 ~P2 7 ' high-voltage P-channel transistor) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


52-pin shrink plastic molded DIP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V cc . and OV to V ss . 


CNVss 


CNVss 




This is usually connected to V S s- 


V P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports PO, P1 and P22~P2 7 . 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2,us (under normal V C c 

conditions).. 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 

required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and X ut pins. If an external 
clock is used, the clock source should be connected the Xin pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


</> 


Timing output 


Output 


This is the timing output pin. 


XciN 


Clock input for clock 
function 


Input 


This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the X C | N and X C out pins. If an exter- 
nal clock is used, the clock source should be connected to the X C in pin and the Xcout pin should be left 
open. This clock can be used as a program controlled the system clock. 


XcOUT 


. Clock output for clock 
function 


Output 


P0 o ~P0 7 


Output port PO 


Output 


Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built in between the Vp pin and this port. 
At reset, this port is set to a "L" level. 


P1 ~P17 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is a 2-bit I/O port (P2 , P2i) and a 6-bit high-voltage P-channel outputt port (P2 2 ~P2 7 ) . 

For P2 and'P2 1t output structure is N-channel open drain. A pull-down transistor is built in between the V P 

pin and P2 2 ~P2 7 . 


P3o~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port. When serial l/Oi is used, P3 7 , P3 6 , P3 5l and P3 4 work as Srdyi. CLKi, Souti. 
and S| N1 pins, respectively. P3 3 can be used as programmable output pin for the timer 1 overflow signal di- 
vided by 2. . . 


P4 ~P4 3 


I/O port P4 


I/O 


Port P4 is an 4-bit I/O port. When serial l/0 2 is used, P4 3 , P4 2 , P^, and P4 work as S RDY2 ,CLK 2 , Sout2, and 
Sin 2 pins, respectively. 


P5 2 /INT 2 
P53/INT, 


Input port P5 


Input 


Bits 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs. 


P5 4 ~P5 7 


Input 


Bits 4~7 of port P5 are 4-bit input port. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50950-XXXSP is shown in Figure 

1. Addresses E800 16 to FFFF 16 are assigned to the built-in 

ROM area which consists of 6144 bytes. 

Addresses F000 16 to FFFF 16 are the ROM address area 

assigned to the M50951-XXXSP. 

Addresses FF00 16 to FFFF 16 are a special address area 

(special page) . By using the special page addressing 

mode of the JSR instruction, subroutines addressed on this 

page can be called with only 2 bytes. Addresses FFF4 16 to 



FFFF 16 are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000-| 6 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 008F 16 are assigned to the built-in 
RAM and consist of 144 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 



ROM 

(6144 bytes) 

for 

M50950- 

XXXSP 


Zero page < 

ROM 

(4096 bytes) 

for 

M50951- 

XXXSP 


RAM 
(144 bytes) 

Special 

page 

for < 

subroutine 

call 


( 0000 16 

I 

^ 008F 16 

00E0 16 
00FF 16 

E800 16 
F000 16 

FF00 16 
FFF4 16 
FFFF 16 


De 


cimal 

/ 
/ 
/ 

/ 
/ 
/ 

143 / 

/ 
/ 
/ 

/ 

255 
\ 
\ 
\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ . 
\ 
\ 
\ 
\ 
\ 
\ 
INTo ^ 

S l/d or timer 1 

\ 
Timer 2 \ 

Timer 3 \ 
INT, 










00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED 16 
0OEE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
00FE 16 
00FF 16 


Port PO 






Port P1 




Not used 


Port P2 


Port P2 directional 
register 








Port P3 


Not used 


Pr^rt do directional 
KOn rM regjster 


Port P4 


Pnrt pa directional 
fori r4 regjster 


Port P5 




















Serial l/0 2 register 


Serial l/0 2 mode register 


Serial I/O, mode register 


Serial I/O, register 




' 


Address L 
Address H 


Timer 1 


Address L 
Address H 




Address L 
Address H 


Timer 2 


Address l_ 
Address H 


Timer 3 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 


65535 RESET \ 











Flg.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



7 


A 


7 


X 


7 


Y 


7 


S 



15 


7 ' 


PC H 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Break flag 

Index X mode flag 

Overflow flag 

Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The contents of the stack pointer is XX 16 , the stack address 
is set to 00XX 16 . When using this microcomputer in the 
single-chip mode, the stack pointer should be set at the 
bottom address of the internal RAM. 
When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i. e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary humber. When the result ex- 
ceeds +127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the.CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 

Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16) FFFE 16 


, INT! 


2 


FFFD 16) FFFC 16 


Timer 3 


3 


FFFB, 6 , FFFA 16 


Timer 2 


4 


FFF9 16 , FFF8 16 


Timer 1 or serial l/C^ 


5 


FFF7 16) FFF6 16 


INT 2 (BRK) 


■6 


FFF5 16l FFF4 16 



INTERRUPT 

The M50950-XXXSP can be interrupted from seven 
sources; INT 1( Timer 3, Timer 2, Timer 1/Serial l/0 1f or the 
INT 2 /BRK instruction. 

The-value of bit 2 of the serial l/O-i mode register (address 
00F6 16 ) determines whether the interrupt is from timer 1 or 
from serial l/O^ When bit 2 is "1" the interrupt is from se- 
rial I/Ol and when bit 2 is "0" the interrupt is from timer 1. 
Also, when the bit 2 is "1", parts of port 3 are used for serial 
I/O!. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupt. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt inhibit flag (I) is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupts are inhibited when the interrupt inhibit flag is set to 
"1". All of the other interrupts can further be controlled indi- 
vidually via the interrupt control register shown in Figure 3. 
An interrupt is accepted when the interrupt enable bit and 



r<^ 



rQ 



rO 



rO 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : INTt pin interrupt request bit 

Bit 6 .' INTt pin interrupt enable bit 

Bit 5 '. Timer 2 interrupt request bit 

Bit 4 : Timer 2 interrupt enable bit 

Bit 3 '. Timer 1 interrupt or serial l/C^ interrupt request bit 

Bit 2 : Timer 1 interrupt or serial \/0-i interrupt enable bit 

Bit 1 '. INT 2 pin interrupt request bit 

BitO : INT 2 pin interrupt enable bit 



Interrupt 
request 



r<f 



' — InterruDt disable 1 



7 
















■0 
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Timer control register (Address O0FF 16 ) 



Interrupt disable flag I 



l ~ Reset 



Bit 7 : 
Bit 6 : 
Bit 5 : 
Bit 4 : 
Bit 3 : 
Bit 2 : 
Bit 1 : 
BitO 



Timer 3 interrupt request bit 
Timer 3 interrupt enable bit 
Timer 2 count stop bit 
Timer 3 count source selection bit 
Timer 2 count source selection bit 
Timer 1 count source selection bit 

Processor mode bit 



Fig.3 Interrupt control 
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the interrupt request bit are both "1" and the interrupt in- 
hibit flag is "0". 

The interrupt request bits are set when the following condi- 
tions occur: 

(1) When the levels of pins IN^ and INT 2 change. 

(2) When the contents of timer 3, timer 2, timer 1 (or the 
serial l/C^ counter) go to "0". 

The level shift on the INT pins causing an interrupt varies 
depending on the contents of bits 5 and 6 of the serial l/0 2 
mode register (address 00F5 16 ). When these bits are set to 
"0" and the INT level changes from "H" to "L", an interrupt 
is requested. When these bits are set to "1" and the INT 
level changes from "L" to "H", an interrupt is requested. 
Bits 5 (S 2 M 5 ) and 6 (S 2 M 6 ) correspond to INT, and INT 2) 
respectively. 

These request bits can be reset by the program but can not 
be set. 

Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 

TIMER 

The M50950-XXXSP has three timers; timer 1, timer 2, and< 
timer 3. Since P3 (in serial l/O-i mode) and timer 1 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O, section). The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address 00FF 16 ), as shown in Figure 
4. 

A block diagram of timer 1 through 3 is shown in Figure 5. 
All of the timers are down count timers and have 8-bit 
latches. When a timer counter reaches "0", the contents of 
the reload latch are loaded into the timer at the next clock 
pulse. The division ratio of the timers is 1/(n+l), where n 
is the contents of the timer latch. 

The timer interrupt request bit is set to "1" at the next clock 
pulse after the timer reaches zero. The interrupt and timer 
control registers are located at addresses 00FE 16 and 
00FF 16l respectively (see interrupt section). The starting/ 
stopping of timer 2 can be controlled by bit 5 of the timer 
control register. If bit 5 (address 00FF 16 ) is "0", the timer 
starts counting and when b'rt 5 is "1", the timer stops. 
When the STP instruction is executed, or after reset, the 
timer 2 and timer 3 latch are set to FF 1G and 07 16 , respec-' 
tivery. 

After a STP instruction is executed, timer 2, timer 3, and the 
clock (^divied by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if the timer 3 interrupt request bit is 
set to "1", or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 2 
count stop bit) and bit 4 of the interrupt control register 
(timer 2 interrupt enable bit) must be set to "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 



J Timer control register (Address 00FF 16 ) 



Processor mode bits 

00 : Single chip mode 

01 ." Memory expanding mode 
10 •' Microprocessor mode 
11 .: Eva-chip mode 

Timer 1 count source selection bit 

: 1/4 timing 4> 

1 : Timer 3 overflow signal 

Timer 2 count source selection bit 

: 1/4 timing 4> 

1 : Clock for the clock function (X C | N ) 

Timer 3 count source selection bit 

• Timer 2 overflow signal 

1 : Clock for the clock function (X C | N 

Timer 2 count stop bit 

.' Count start 

1 '. Count stop 

Timer 3 interrupt enable bit 

: Interrupt disable 

1 : Interrupt enable 

Timer 3 interrupt request bit 

' No interrupt request 

1 : Interrupt request 



Fig.4 Configuration of timer control register 
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Timer 3 (8) 



T3 



07 ti 



-H> 



Timer 1 
latch (8) 



TM 2 



H 



Timer 1 (8) 



T_L 



1/2 



SiMi,SiM 
00,01 : External clock 
10 : Timer 1 overflow signal 
divided by 2 

T1 : i 




K3 



S1M2 to timer 1 or serial l/C^ 
^aJ *"" interrupt request bit 



Reset 

STP instruction 

to timer 2 interrupt request bit 



to timer 3 interrupt request bit 



- to serial l/0 2 end bit 



TM : Timer control register (Address 00FF 16 ) 
S1M : Serial l/d mode register (Address 00F6 16 ) 
S 2 M : Serial l/0 2 mode register (Address 00F5 16 ) 



-9- 



Select gate : Connected to black 
colored side at reset. 



Fig.5 Block diagram of timer 1 , timer 2 and timer 3 
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SERIAL l/0 1 

A block diagram of the serial l/0 1 is shown in Figure 6. 



In the serial l/C^ mode the receive ready signal (S RDY i ) , 
synchronous input /output clock (QLKj, and the serial l/0 1 
pins (Soun. S, N1 ) are used as P3 7 , P3 6) P3 5) and P3 4) re- 
spectively. 

The serial l/C^ mode register (address 00F6 16 ) is an 8-bit 
register. Bits 1 and of this register is used to select a 
synchronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10], the overflow sig- 
nal from timer 1, divided by two, becomes the synchronous 



clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11], the timing divided 
by 4, becomes the clock. 

Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O-, or not. When bit 2 is a "1", P3 6 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P3 6 
and P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 



CM 

O-F/4 



1/2 . 

I 1 S,M 7 



P3; 



t q rdyi <i 



»3*0- 



CLK, 



P 3 5 q_Sout 1 _ 
P3 4 Q_^-. 



from divided by 4 
. or timer 3 



^ 



Q 



L 



Timer 1 (8) 



(Address 00FA 16 ) 




Serial \/0^ counter 



Transfer clock 



MSB Serial I/O, register |_SB 



D 



(Address 00F7 



31 



Data bus 




to timer 1 

or 

serial I/O, 

interrupt 

request bit 



Serial l/0 1 mode register (Address 00F6 16 ) 



Synchronous clock selection bit 
00: 



01 : 



External clock 



10 : Timer 1 overflow signal divided by 2 
I i : Timing y divided by 4 



Serial I/O, port selection bit (P3 5 , P3 6 ) 

: Normal I/O port 

1 : Serial I/O, port 

Srdyi signal output selection bit (P3 7 ) 

I Normal I/O port 

1 '. S RDY i signal output pin 



Fig.6 Block diagram of serial I/O-, 
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To use the serial l/O^ bit 2 needs to be set to "1", if it is 
"0" P3 6 will function as a normal I/O. Interrupts will be 
generated from the serial l/Oi counter instead of timer 2. 
Bit 3 determines if P3 7 is used as an output pin for the re- 
ceive data ready signal (bit 3=1, S RDY i) or used as normal 
I/O pin (bit 3=0). The serial I/O, function is discussed be- 
low. The function of the serial l/Oi differs depending on the 
clock source; external clock or internal clock. 
Internal clock— The S RDY i signal becomes "H" during trans- 
mission or while dummy data is stored in the serial l/0 1 
register (address 00F7 16 ) . After the falling edge of the 
write signal, the S RDY i signal becomes low signaling that 
the M50950-XXXSP. is ready to receive the external serial 
data. The S RDY i signal goes "H" at the next falling edge of 
the transfer clock. The serial I/Ot counter is set to 7 when 
data is stored in the serial l/0 1 register. At each falling 



edge of the transfer clock, serial data is output to P3 5 . Dur- 
ing the rising edge of this clock, data can be input from P3 4 
and the data in the serial I/O, register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial l/O-i register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External clock— If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but the transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 7. An example of communication between 
two M50950-XXXSPs is shown in Figure 8. 



Synchronous clock 



Transfer clock 



Serial \/0^ register write 
signal 

Serial \/0<t output 

SoUT 



Serial l/O-i input 
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Receivable signal 
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Interrupt request bit set 



Fig.7 Serial \/Ot timing 
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Fig.8 Example of serial \/Q<[ connection 
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SERIAL l/0 2 

A block diagram of the serial l/0 2 is shown in Figure 9. 



In the serial l/0 2 mode the receive ready signal (S RDY 2), 
synchronous input /output clock (CLK 2 ), and the serial l/0 2 
pins (S uT2, S| N2 ) are used as P4 3 , P4 2) P4-,, and P4 , re- 
spectively. 

The serial l/0 2 mode register (address 00F5 16 ) is an 8-bit 
register. Bits 1 and of this register is used to select a 
synchronous clock source. 

When these bits are [00] or [01] , an external clock from 
P4 2 is selected. When these bits are (10), the overflow sig- 
nal from timer 1, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 



transfer speed. When the bits are [11], the timing divided 
by 4, becomes the clock. 

Bit 2 and 3 decide whether parts of P4 will be used as a 
serial l/0 2 or not. When bit 2 is a "1", P4 2 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P4 2 . If an exter- 
nal synchronous clock is selected, the clock is input to P4 2 
and P4i will be a serial output and P4 will be a serial in- 
put. To use P4 as a serial input, set the directional register 
bit which corresponds to P4 to "0". For more information on 
the directional register, refer to the I/O pin section. 
To use the serial l/0 2 , bit 2 needs to be set to "1", if it is 
"0" P4 2 will function as a normal I/O. Bit 3 determines if P4 3 
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Srdy2 signal output selection bit (P4 3 ) 
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1 '• S RDY 2 signal output pin 



Fig.9 Block diagram of serial l/0 2 
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is used as an output pin for the receive data ready signal 
(bit 3=1, S RD y 2 ) or used as normal I/O pin (bit 3=0). The 
serial l/0 2 function is discussed below. The function of the 
serial l/0 2 differs depending on the clock source; external 
clock or internal clock. 

Internal clock — The S RDY 2 signal becomes "H" during trans- 
mission or while dummy data is stored in the serial l/0 2 
register (address 00F4 16 ) . After the falling edge of the 
write signal, the S RDY2 signal becomes low signaling that 
the M50950-XXXSP is ready to receive the external serial 
data. The S RDY2 signal goes "H" at the next falling edge of 
the transfer clock. The serial l/0 2 counter is set to 7 when 
data is stored in the serial l/0 2 register. At each falling 
edge of the transfer clock, serial data is output to P4 V Dur- 



ing the rising edge of this clock, data can be input from P4 
and the data in the serial l/0 2 register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial l/0 2 register will be empty 
and the transfer clock will remain at a high level. At this 
time the serial l/0 2 end bit will be set. 
External clock— If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 9. An example of communication between 
two M50950-XXXSPs is shown in Figure 10. 



Synchronous clock 
Transfer clock 



Serial l/0 2 register ■ 
write signal 
Serial l/0 2 output " 
Sout 

Serial l/0 2 input " 
Sin 

Receivable signal m 

SrdY2 




XZXZXH)GDCZ)CE)C°Z)CZ 



3CJCDCDCZ)(ZDCD(ZX 



Serial l/0 2 completion bit set 



Fig. 10 Serial l/0 2 timing 
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J Serial \/0, mode register 

(Address 00F6 16 ) 
- Synchronous clock selection bit 
00 



01 
10 
11 



| External clock 

Timer 1 overflow signal divided by 2 
Timing divided by 4 
normal operation : f(X )N )/16 
low-speed operation : f(X C i N )/8 



- Serial \/0, port selection bit 

: Normal I/O port 

1 : Serial l/d port 

" S RDY i signal output selection bit 

: Normal I/O port 

1 : S RD yi signal output pin 

- P3 3 /T output selection bit 

: Normal I/O port 

1 .* Timer! overflow signal divided by 2 



- Clock (X, N — X OU t) stop bit 

'. oscillation 

1 : stop 

■ Internal system clock source selection bit 

: X| N — Xout (normal mode) 

1 : Xcin - Xcout (low-speed mode) 



1 1 I I I 1 1 I I 




Li 











Serial l/0 2 mode register 

(Address 00F5 16 ) 
Synchronous clock selection bit 
00 



01 : 

10: 
11 : 



j External clock 

Timer 1 overflow signal divided by 2 
Timing <j> divided by 4 
normal operation : f(X )N )/16 
low-speed operation : f(X C iN)/8 



Serial l/0 2 port selection bit 

: Normal I/O port 

1 : Serial l/0 2 port 

Srdy2 signal output selection bit 

: Normal I/O port 

1 : S RDY 2 signal output pin 

Serial l/0 2 end bit 

: Serial l/0 2 during transfer 

1 : Serial l/0 2 end 

INTi input polarity selection bit 

: Interrupt request by falling edge 

1 : Interrupt request by rising edge 

INT 2 input polarity selection bit 

: Interrupt request by falling edge 

1 : Interrupt request by rising edge. 



Fig. 11 Structure of serial l/Oi mode register 



Fig. 12 Structure of serial l/0 2 mode register 
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RESET CIRCUIT 

The M50950-XXXSP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2//s while the power voltage is in the recom- 



mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 13. 
An example of the reset circuit is shown in Figure 14. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X| N -X OU t becomes stable. 



(1 ) Port PO register 

(2) Port P1 register 

(3) Port P2 register v 

(4) Port P2 directional 
register 

(5) Port P3 directional 
register 

(6) Port P4 directional 
register 

(7) Serial I/O, mode 
register 

(8) Serial l/0 2 mode 
register 



Address 

(PO) (E0 16 ) 

(PI) (E2 1B ) 

(P2) (E4 16 ) 

(D2) (E5 18 ) 

(D3) (E9 16 ) 

(D4) (EB 16 ) 

(S,M) (F 6 16 ) 

(S 2 M) (F 5 16 ) ■ 



(9) Timer 2 (T2) (FC 16 ) 

(10) Timer 3 (T3) (FD 16 ) 
(IM) (FE 16 ) 

(12) Timer control register (TM) (FF 16 ) 



(11) Interrupt control 
register 



(13) Processor status register (PS ) 

(only the interrupt 
disable flag is set) 



(14) Program counter 



(PC H ) 
(PC L ) 



16 



0, 













































0, 



0l6 



16 



























FF 16 



7 16 



d 



0, 



Contents of Address 
FFFF 16 



Contents of Address 
FFFF 16 



Since the contents of both registers other than those, listed 
above (including timer 1, serial I/O registers) and the RAM 
are undefined at reset, it is necessary to set initial value. 



Fig. 13 Internal state of microcomputer at reset 



M50950-) 


<XXSP 

v cc 


RESET 


21 I 


1 52 







ov- 



I- 



s Power on 



-4.5V 



"0.6V 



M50950-XXXSP 



RESET 



21 




Supply voltage 
detection circuit 



Fig. 14 Example of reset circuit 
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f(x IN ). 



juuir__. 



Internal RESET 

SYNC 
Address 

Data 



.-jnnnnnnr 




8 — 1 2 clock cycles 



Reset address from the 
vector table 



Note 1 : Frequency relation of f(X, N ) and <t> is f(X, N ) =4* </>. 
Note 2 : The mark " ? " means that the address is changeable 
depending upon the previous state. 



Fig. 15 Timing diagram at reset 
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I/O PORTS 

(1) Port PO 

Port PO is an 8-bit output port. The output type is high- 
voltage P-channel open drain output, and the break- 
down voltage is V cc —36V. Pull down resistors are 
built into each pin. The power source for each pin is 
V P . Port PO is treated as memory on page zero 
(address 00E0 16 ), as shown in the memory map in Fi- 
gure 1. 

Depending on the contents of the processor mode bit 
(bits and 1 at address 00FF 16 ), four modes can be 
selected. These modes are: the single-chip mode, 
memory expanding mode, microprocessor mode, and 
eva-chip mode. Other than in the single-chip mode, the 
pins of this port can be used as the address output 
pins, in addition to their normal input/output function. 
For details, see the section on the processor mode. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO. Modes, the functions of port slightly differ from 
those of PO. For details, see the section on the proces- 
sor mode. 

(3) Port P2 

Port P2 consists of 2-bit input/output ports P2 and P2i 
and 6-bit output ports P2 2 through P2 7 . The output type 
for P2 and P2i is an N-channel open drain output. The 
output type for P2 2 through P2 7 is a high-voltage P- 
channel open drain output. The break down voltage is 
Vcc - 36V. Pull down resistors are built into each pin. 
The power source for these resistors is V P . 
Port P2 is treated as memory at address 00E4 16 , as 
shown in Figure 1. 

Because port P2 and P2i have a direction register D2 
(address 00E5 16 on the zero page), each bit can be in- 
dividually programmed for use as an input or output. A 
pin programmed to "1" is used for output and that prog- 
rammed to "0" for input. 

Data that is written on the programmed output pin is 
stored in the port latch and is transferred to the output 
pin. When data is read from the programmed output 
pin, data is read not from output pin but from output 
latch. Therefore, previously output data can be read 
correctly regardless of the logical level of the pin due 
to output loading. 

Because the programmed input pin is floating, the 
value of the pin can be read correctly. When data is 
written to the programmed input pin, it is written only to 
the port latch and the pin remains floating. 
For details, see the section on the processor mode. 

(4) Port P3 

Port P3 is an 8-bit input /output port. The output type is 
an N-channel open drain output. Port P3 is treated as 
memory on the zero page (address 00E8-I6). 
Because port P3 has the direction register D3 (address 
00E9 16 on the zero page), each bit can be individually 
programmed to be used for input or output. The pin 



programmed to "1" is used for output and that program- 
med to "0" for input. 

Data that is written to a programmed output pin is 
stored in the port latch and is transferred to the output 
pin. When data is read from a programmed output pin, 
data is read not from output pin but from the output 
latch. Therefore, previously output data can be read 
correctly regardless of logical level of the pin due to 
output loading (e.g., when driving an LED). 
Because the programmed input pin is floating, the 
value of the pin can be read correctly. When data is 
written to the programmed input pin, it is written only to 
port latch and the pin remains floating. 
The pins can also serve as serial l/C^ pins. 
For functions other than the single-chip mode, see the 
section on the processor mode. 

(5) Port P4 

Port P4 is a 4-bit input/output port. The output type is 
N-channel open drain output. Port P4 is treated as 
memory on the zero page (address 00EA 16 ). 
Because port P4 has the direction register D4 (address 
00EA 16 on the zero page), each bit can be individually 
programmed to be used for input or output. A pin which 
is set to "1" is used for output and that which is set to 
"0", for input. 

As well as port P3, the pins can also serve as serial 
l/0 2 pins. This function is not affected by the processor 
mode.. 

(6) Port P5 

Bits 2 and 3 are the dedicated input port that also 
serves as the interrupt pin, with hysteresis. Data can 
be fetched while this port is used for interrupt input. 
The interrupt request bit (IN^ '. bit 7 of address 
00FE 16 , INT 2 : bit 1 of address 00FE 16 ) is set to "1" 
when the input level of ports P5 3 and P5 2 changes. The 
contents of bits 5 and 6 of the serial l/0 2 mode register 
S 2 M (address 00F5 16 ) define whether an "L" edge in- 
terrupt or an "H" edge interrupt is to be used as the in- 
terrupt factor. 

For the M50950-XXXSP or M50951-XXXSP, interrupt in- 
puts are also used as the normal input port. 
When the chip is to be used in an environment where 
extraneous noise may cause an unwanted interrupt, the 
influence of noise can be eliminated by the program. 
Note that the interrupt request enable bit (bit 6 or of 
address 00FE 16 ) must be set to "0" (the interrupt dis- 
able status) when the contents of bits 5 (S 2 M 5 ) and 6 
(S 2 M 6 ) are to be modified. 
If not, an undesirable interrupt may occur. 
Bits 4 through 7 on port P5 are 4-bit input pins. 
Figure 16 is a block diagram for ports PO through P5. 

(7) Clock <f> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as <t>. When in the slow speed mode, 
the oscillator frequency for timer devided by two is out- 
put as 0. 
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Ports PO, P1, P2 2 ~P2 7 



Ports P2 0l P2 1( P3, P4 



■-* 



Data Bus 



Ports P5 2 , P5 3 



Data bus ■ 
INT 



Ports P5 4 ~P5 7 



Port latch 



■4- 



■frnf* 



High-voltage P-channel open drain (with pull-down transistors) 



-Q Ports PO, P1, P2 2 ~P2 7 



V P 



directional 
register 



>1 



* High-voltage P-channel transistor 



N-channel open drain output 



Jo^ 



g T Q Ports P2 , P2 1( P3, P4 



Note 1 : Ports P3 and P4 can be 
also used as I/O ports of 
serial I/O. 



^T^K* 



Schmitt input 




Ports P5 2 , P5 3 



Serial l/0 2 mode register 



Data bus 



^3 
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P5 4 ~P5 7 



-0- CMOS output 



1 

» 



-O 



Fig. 16 Block diagram of ports P0~P5 (in single-chip mode) and output format of <t>. 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 18 shows the functions of ports P0~P3. 
The memory map for the single-chip models illustrated in 
Figure 1 and for other modes, in Figure 17. 
By connecting CNV S s to V S s, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV S s to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNV SS places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 



FfFF 16 

(Notel) 
E800 16 

0100 16 
00E8 16 
00E0 16 

0090 16 

0000 16 
I 
r 

Note 1 
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Fig. 17 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV S s is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address data for port P0 is output 
when goes "H" state. When 4> goes the "L" state, P0 
retains its original I/O functions. 

Port P1's higher 8 bits of address data are output when 
goes "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original output functions while is at the "H" state, 
and works as a data bus of D 7 ~D (including instruc- 
tion code) while at the "L" state. Pins P^ and P3 out- 
put the SYNC and R/W control signals, respectively 
while is in the "H" state. When in the "L" state, P3t 
and P3 retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 

(3) Microprocessor mode [10] 

After connecting CNV SS to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D 7 ~D ) and loses 
its normal I/O functions. Port P3-| and P3 become the 
SYNC and R/W pins, respectively and the normal I/O 
functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV S s pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
With the exceptions that the internal ROM is disabled 
and that external memory must be attached in this 
mode, this mode is the same as the memory expansion 
mode. 

The relationship between the input level of CNV SS and 
the processor mode is shown in Table 2. 
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Fig.18 Processor mode and functions of ports P0~P3 

Table 2 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mcdo 


Explanation 


V S s 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode . 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor. mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The M50950-XXXSP has two internal clock generating cir- 
cuit. Figure 21 shows a block diagram of the clock generat- 
ing circuit. Normally, the frequency applied to the clock in- 
put pin X| N divided by four is used as the internal clock 
(timing output) <f>. Bit 7 of serial I/Ot mode register can be 
used to switch the internal clock to 1/2 the frequency ap- 
plied to the clock input pin X C in- 

Figure 19 shows a circuit example using a ceramic (or crys- 
tal) oscillator. Use the manufacture's recommended values 
for constants such as capacitance which will differ depend- 
ing on each oscillator. When using an external clock signal, 
input from the X| N (X C in) pin and leave the Xout(Xcout) P' n 
open. A circuit example is shown in Figure 20. 
The M50950-XXXSP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X, N clock and X C in clock) stops with the internal clock <t> 
held at "H" level. In this case timer 2 and timer 3 are forc- 
ibly connected and <f>/4 is selected as timer 2 input. Also 
timer 2 and timer 3 are loaded with FF 16 and 07 16 respec- 
tively to enable the oscillator to stabilize when restarting 
oscillation. Before executing the STP instruction, the timer 2 
count stop bit must be set to supply ("0"), timer 2 interrupt 
enable bit and timer 3 interrupt enable bit must be set to 
disable ("0"), and timer 3 interrupt request bit must be set 
to no request ("0"). 

Oscillation is resarted (release the stop mode) when INT^ 
INT 2 , or serial l/C^ interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to "1". When restarting oscillation with an interrupt, 
the internal clock <f> is held "H" until timer 3 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, "L" level must be kept to the RESET pin until the 
oscillattion stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock 4> stops at "H" 
level, but the oscillator does not stop. 4> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to "1" before executing the WIT instruction. 
Low power dissipation operation is also achieved when the 
X| N clock is stopped and the internal clock </> is generated 
from the X C | N clock (200M(max.) at f(X C | N ) = 32kHz). X )N 
clock oscillation is stopped when the bit 6 of serial \/0, 
mode register (address 00F6 16 ) is set and restarted when it 
is cleared. However, the wait time until the oscillation sta- 
bilizes .must be generated with a program when restarting. 
An "L" level must be kept to the RESET pin until the 
oscillation stabilizes when resetting while the X tN clock is 
stopped. Figure 22 shows the transition of states for the 
system clock. 
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Fig. 19 Externally ceramic resonator circuit 
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Fig.20 External clock input circuit 
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Fig.21 Block diagram of clock generating circuit 
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\C Reset jj 




The above example assumes that signals of 5MHz and 32KHz are being applied to pins X, N and X C in. respectively. <f> signifies the internal clock. 

( Note 1 ) Approximately 6.5ms of latency time are automatically generated upon release 

from the STP instruction due to the connections of timer 2 and 3. 
( Note 2) Approximately 500ms of latency time exists after the release of the STP instruction. 
( Note 3) When the internal clock 1 /4 frequency is connected as a timer count source the count source becomes 4KHz. 



Fig.22 Transition of states for the system clock 
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<<An example of flow for system^ 



£ "E 
£ o 

§ § 



2 "5 



Power on reset 

4 
Clock X and clock for clock function X c oscillation 

4 
Internal system clock start (X— 1/4— 0) 



4. 



Program start from RESET vector 



S 



Normal program 



♦-Operating at 5MHz 



S 



Internal clock <t> source switching X(5MHz)—X CLK (32. 768kHz)(S 1 M 7 : — - 1 
Clock X halt(X c in operation) 

Internal clock halt(WIT instruction) 

4 
r- Timer 3 (clock counOoverflow 

4 
Internal clock operation start (WIT instruction released) 



J 



Clock processing routine 



— Operating at 32. 768kHz 



-Internal clock halt (WIT instruction) 
Interrupts from INT-,, timer 2, timer 1 or serial l/0 1( INT 2 (BRK instruction) 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1 ). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer must be avoided while the input to 
the timer is changing except using timing 4> or it di- 
vided by timer as count source. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Notes on serial I/O 

© Set "0" in the serial I/Ot interrupt enable bit (bit 2 of 

address 00FE 16 ) before setting the serial I/O-, mode. 
® Insert at least one instruction and set "0" in the serial I/ 

O-i interrupt request bit (bit 3 of address 00FE 16 ) after 

setting the serial l/0 1 mode. 
© Set "1" in the serial l/0 1 interrupt enable bit after the 

operation described in ®. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form ' 

(3) ROM data EPROM 3sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


-0.3—7 


V 


v P 


Pull-down supply voltage 


Vcc— 38~Vcc+0. 3 


V 


V| 


Input voltage P2 0) P2l P3 ~P3 7 , P4 ~P4 3 , CNV SS 
P5 2 /INT 2 , P53/INT, 


-0.3—13 


V 


v, 


Input voltage RESET, X, N , X C in 


-0. 3— 7 


V 


V, 


Input voltage P5 4 ~P5 7 


-0.3—7 


V 


Vo 


Output voltage P2 , P2 1f P3 ~P3 7 , P4 ~P4 3 


-0.3—13 


V 


Vo 


Output voltage X ut, X C out. 4> 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P17, P2 2 ~P2 7 


Vcc-38~V C c+0.3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


Topr 


Operating temperature 




-10—70 , 


°C 


Tstq 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V C c=5V±10%, T a =-10~70°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


f(x IN )=5MHz 


4.5 


5 


5.5 


V 


f( X | N ) = less than 1MHz 


3 




5.5 


V 


v P 


Pull-down supply voltage 


Vcc-36 




Vcc 


V 


Vss 


Supply voltage 









V 


V,H 


"H" input voltage P2 , P2,, P3 ~P3 7 , CNV SS 

P5 2 /INT 2 , P53/INTL P4 ~P4 3 


0. 75V CC 




Vcc 


V 


V, H 


"H" input voltage RESET, X| N , X C in 


0. 8V CC 




Vcc 


V 


V,y 


"H" input voltage P5 4 ~P5 7 


0. 4V CC 




Vcc 


V 


V, L 


"L" input voltage P2 , P2l P3 ~P3 7 , CNV S s 

P5 2 /INT 2 , P53/INTL P4 ~P4 3 







0. 25V CC 


V 


V, L 


"L" input voltage RESET 







0. 12V C c 


V 


V IL 


"L" input voltage X| N 







0. 16V C c 


V 


V, L 


"L" input voltage Xcin« 







0. 16V CC 


V 


V, L 


"L" input voltage P5 4 ~P5 7 







0. 12V CC 


V 


'oH(peak) 


"H" peak output current P0 ~P0 7 , P1 ~P17. P2 2 ~P2 7 






-24 


mA 


'oL(peak) 


"L" peak output current P2 , P2 1p P3 ~P3 7 , P4 ~P4 3 






20 


mA 


loH(avg) 


"H" average output current P0 ~P0 7 , P1o~P17. P2 2 ~P2 7 






-12 


mA 


louavg) 


"L" average output current P2 , P2,, P3 ~P3 7 , P4 ~P4 3 






10 


mA 


f (x IN ) 


Clock input oscillating frequency 






5 


MHz 


f (Xn,N> 


Clock oscillating frequency for clock function 




32 


500 


kHz 



Note 1 



"H" input voltage of up to +12V may be applied to permissible for ports P2 , P2l P3 ~P3 7 , P5 2) 

P5 3 , P4 ~P4 3 and CNV SS . 

The average output current loH(avg) an d 'oL(avg) are tne average value of a period of 100ms. 

On output ports, the total of current dissipation should be 890mW max at T=25°C. 

Oscillation frequency is at 50% duty cycle. 

When used low-speed mode, clock input generating frequency for clock function should be f 

(Xc, N )<f(X, N )/3. 

When used external clock, clock input generating frequency for clock function should be f(X C | N ) 

<50kHz. 
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ELECTRICAL CHARACTERISTICS (v cc =5v, v ss =ov, T a =25c f(XlN , 


=5MHz, unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage 


l H=-2.5mA, T a =-10~70°C 


3 






V 


Voh 


"H" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 2 ~P2 7 


l OH =-12mA, T a =-10~70°C 


3 






V 


Vol 


"L" output voltage P2 , P2l P3 ~P3 7 , P4 ~P4 3 


l O L=10mA, T a =-10~70°C 






2 


V 


Vol 


"L" output voltage <f> 


loL=2.5mA,Ta=-10~70°C 






2 


V 


V T +-V T _ 


Hysteresis P5 2 /INT 2 , P53/INT! 




0.3 




1 


V 


Vt+-Vt- 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T _ 


Hysteresis P3 6> P4 2 


When used as CLK input 


0.3 




1 


V 


V T +-V T _ 


Hysteresis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P2 , P2L P3 ~P3 7 , P4 ~P4 3 


V,= 0V 






-5 


juA 


l|L 


"L" input current P5 4 ~P5 7 


V,= 0V 






-5 


juA 


IlL 


"L" input current RESET, X| N , X C in 


V,= 0V 






-5 


juA 


I.L 


"L" input current P5 2 /INT 2 , PSs/INTt 


V,= 0V 






-5 


juA 


I.H 


"H" input current P2 , P2l P3 ~P3 7 , P4 ~P4 3 


V,= 5V 






5 


juA 


V,= 12V 






12 


juA 


I.H 


"H" input current P5 4 ~P5 7 


V,= 5V 






5 


juA 


I.H 


"H" input current RESET, X| N , X C in 


V,= 5V 






5 


juA 


I.H 


"H" input current P5 2 /INT 2 , PSs/INTt 


V|=.5V 






5 


MA 


V,= 12V 






12 


MA 


II 


Pull-down current P0 ~P0 7 , P1 ~P1 7 , P2 2 ~P2 7 


Vp=V cc -36V, VoL=V cc 


150 


450 


900 


juA 


l0L 


"L" Pull-down current P0 ~P0 7 , P1o~P1 7l P2 2 ~P2 7 


Vp=V cc -36V, V 0L =Vp 






-30 


juA' 


Vram 


RAM retention voltage 


at clock stop 


2 




5.5 


V 


Ice 


Supply current 


Output pins open (output off) 
Vpp=V S s, Input and I/O pins all at Vss 
f(X| N ) = 5MHz(at system operation) 




4 


8 


mA 


ditto (at wait mode) 




1 




mA 


X|N-XoUT S *°P 

f(x C | N )=32kHz(at system operation) 
all other conditions same as above 




60 


200 


MA 


ditto (at wait mode) 




40 




juA 


Oscillation all stopped 
(at stop mode) 


T a =25°C 






1 


MA 


T a =70°C 






10 


juA 



2-426 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50950-XXXSP 
M50951-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMING REQUIREMENTS 

Single-Chip mode (V C c=5V±10%, V ss =0V, T a =25°C, f (X|N )=5MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(P2D— 0) 


Port P2 input setup time 


270 






ns 


tsU(P3D— <£) 


Port P3 input setup time 


270 






ns 


tsU(P5D— 0) 


Port P5 2 /INT 2 , P53/INT! input setup time 


270 






ns 


*SU(P5D— 0) 


Port P5 4 ~P57 input setup time 


500 






ns 


tsU(P4D— <t>) 


Port P4 input setup time 


270 






ns 


th(<*— P2D) 


Port P2 input hold time 


20 






ns 


*h(<*— P3D) 


Port P3 input hold time 


20 






ns 


th(sA— P5D) 


Port P5 2 /INT 2 , P53/INT"! input hold time 


20 






ns 


*h(<*— P5D) 


Port P5 4 ~P5 7 input hold time 


50 






ns 


th(<*— P4D) 


Port P4 input hold time 


20 






ns 


. *C(X| N ) 


External clock input cycle time (X| N input) 


200 






ns 


*W(X| N ) 


External clock input pulse width (X| N input) 


75 






ns 


tc(x c , N ) 


External clock input cycle time (X C in) 


2 






us 


Wcxcin) 


External clock input pulse width (Xcin) • 


1 






jus 


tr 


External clock rising edge time 






25 


ns 


tf 


External clock falling edge time 






25 


ns 



Memory expanding mode and eva-chip mode 



(V CC =5V±10%, V ss =0V, T a =25°C 1 f (XlN )=5MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU(P2D— <f>) 


Port P2 input setup time 


270 






ns 


th(0— P2D) 


Port P2 input hold time 


20 






ns 



MiCrOprOCeSSOr mode (V C c=5V±10%, V S s=0V, T a =25°C, f (X|N) =5MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(P2D— 0) 


Port P2 input setup time 


270 






ns 


th(<*— P2D) 


Port P2 input hold time 


20 






ns 
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SWITCHING CHARACTERISTICS 
Single-chip mode (v cc =5v±io%, v ss =ov, T a =25°c, t (x 



=5MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0— POQ) 


Port PO data output delay time 


Fig.24 






250 


ns 


td(<*— piq) 


Port P1 data output delay time 






250 


ns 


tdC^A— P2Q) 


Port P2 data output delay time 


Fig. 23, 24 , 






250 


ns 


td(0— P3Q) 


Port P3 data output delay time 


Fig.23 






250 


ns 


*d(<*— P4Q) 


Port P4 data output delay time 






250 


ns 



Memory expanding mode and eva-chip mode 





(V CC = 


=5V±10%, V ss =0V, T a =25°C, f (X|N ) = 


=5MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(0— POA) 


Port P0 address output delay time 


Fig.24 






250 


ns 


td(<*— POAF) 


Port P0 address output delay time 






250 


ns 


tdO— POQ) 


Port P0 data output delay time 






250 


ns 


td(s*— POQF) 


Port P0 data output delay time 






250 


ns 


tdU-p-iA) 


Port P1 address output delay time 






250 


ns 


*d(0— P1AF) 


Port P1 address output delay time 






250 


ns 


td(f*-piQ) 


Port P1 data output delay time 






250 


ns 


td(0— P1QF) 


Port P1 data output delay time 






250 


ns 


*d((*— P2Q) 


Port P2 data output delay time 


Fig.23, 24 






300 


ns 


td((*— P2QF) 


Port P2 data output delay time 






300 


• ns 


td(«*— R/W) 


R/W signal output delay time 


Fig.23 






250 


ns 


*d((*— R/WF) 


R/W signal output delay time 






250 


ns 


td(<A— P3 Q) 


Port P3 data output delay time 






250 


ns 


td(0— P3 QF) 


Port P3 data output delay time 






250 


ns 


td(<4— SYNC) 


SYNC signal output delay time 






250 


ns 


*d(0— SYNCF) 


SYNC signal output delay time 






250 


ns 


^d(?5— P3-,Q) 


Port P3 1 data output delay time 






250 


ns 


^(0— P3TQF) 


Port P3i data output delay time 






250 


ns 



Microprocessor mode (V C c=5V±10%, V ss =0V, T a =25°C, f (X|N )=5MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0— POA) 


Port P0 address output delay time 


Fig.24 






250 


ns 


tdu— pia) 


Port P1 address output delay time 






250 


ns 


td(0— P2Q) 


Port P2 data output delay time 


Fig.23, 24 






300 


ns 


td(s*-P2QF) 


Port P2 data output delay time 






300 


ns 


td(<A— R/W) 


R/W signal output delay time 


Fig.23 






250 


ns 


td(<*~ SYNC) 


SYNC signal output delay time 






250 


ns 





•^ Vcc 
§ 390n 


P2 , P2, 
P3 
P4 


i.100pF 


1 ° 

^100pF 






Fig.23 Ports P2 , P2 1f P3 and 
P4 test circuit 



Fig.24 Ports PO, P1 and P2 2 ~P2 7 
test circuit 
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TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P5 input 



Port P4 output 



Port P4 input 



f (X| N ) 

or 

f (XciN) 



\ / 



■«- *d (fJ-POQ) 



X 



x 



-t(j (0-P1Q) 



>: 



- t(j (<4-P2Q) 



„=_ t(j (0-P3Q) 



>: 



x 



- td ((4-P4Q) 



tsU (P2D-tf) 



X 



*SU (P3D-«5) 



S 



tsU (P4D-«i) 



X 



tc(x, N ) or t c(XciN ) 



tw(x, N ) or t W (x CIN ) 



\ _X 



\. 



-th U-P2D) 



x 



" th (0-P3D) 



V 



- th (0-P5D) 



V 



- tfl U-P4D) 
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In memory expanding mode and eva-chip mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3t output (SYNC) 



-E-td (0-P1QF) 




"*- *h (0-P2D) 

td (<*-P3 QF) 



td (^-PS^F) 
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In memory expanding mode and microprocessor mode 





/ 






\ 


^ 


/ 








/ 


s~~ 




> 
> 


-«— t(j (0-POA) 






Port PO output 


' 




X 


-^ 


-«r— t(j (0-P1A) 




> 




Port P1 output 


f 




< 




> 


-^ 


> 


-*— td ((4-P2Q) 


-^ 


> 


-*— *d (0-P2QF) 


Port P2 output 


floating 




' 


<; 












*SU (P2D-fJ) — *■ 








Port P2 input 




/ 


' 


\ 


\ 


_^ 


> 
> 


■< — *d ((4-R/W) 




«£— th (<6-P2D) 


Port P3 output (R/W) 


/ 




> 
> 


( 


-^ 


- c — td (tf-SYNC) 






Port P3t output (SYNC) 


/ 




/ 
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DESCRIPTION 

The M50957-XXXSP and the M50959-XXXSP are single- 
chip microcomputers designed with CMOS silicon gate 
technology. All are housed in a 64-pin shrink plastic 
molded DIP (flat package type also available). These sing- 
le-chip microcomputers are useful for business equipment 
and other consumer applications. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50957-XXXSP and the 
M50959-XXXSP are noted below. The following explana- 
tions apply to the M50957-XXXSP. Specification variations 
for other chips are noted accordingly. 



Type name 


ROM size 


M50957-XXXSP 


10240bytes 


M50959-XXXSP 


16384 bytes 



The differences between the M50957-XXXSP and the 
M50957-XXXFP are the package outline and the power dis- 
sipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size ROM 10240 bytes (M50957-XXXSP) 

1 6384 bytes ( M50959-XXXSP) 
RAM 256 bytes 

• Instruction execution time 

••••1.9/iS (minimum instructions, at 4.2MHz frequency) 

• Single power supply 4.0-5.5V (at f(X, N )=4.2MHz) 

3.0-5.5V (below f(X, N ) = 1.0MHz) 

• Power dissipation 

normal operation mode, at 4.2MHz frequency •••20mW 

low speed operation mode, 

at 32kHz frequency for clock function • 0.3mW 

• Subroutine nesting 96 levels (Max.) 

• Interrupt .■•■•7 types, 5 vectors 

• 8-bit timer 3 (2 when used as serial I/O) 

• Programmable I/O (Ports P2, P3, P6) ••• 22 

• Input ports (Port P5 2 ~P5 7 ) 6 

• High-voltage output ports 

(Port P0, P1, P4, P5 , P5i) 26 

• Serial I/O (8-bit) •••• 1 

• PWM function 14-bitX1 

6-bitX2 
© Two clock generator circuits (One is for main clock, the 

other is for clock function) 
© Comparator 1 

• Generating function for clock input of EAROM 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 



I/O port P6 



I/O port P2 



Vcc-EL 
P6 5 -U 
P6 4 ~[I 

p6 3 /pwm3 ** rz 

P6 2 /PWM2«-|7 
P6!/PWM1 **U 

P6 /T~H 
P2 7 -[I 

P2 6 ~E 
P2 5 ~[[o 
P2 4 ~[TT 

p2 3 ~ei 
P2 2 ~ m 

P2 ~ni 

P3 7 /S^~[T6 
P3 6 /CLK~[l7 
P3 5 /S OU T ~ CI 
P3 4 /S, N ~ 01 
P3 3 /AN IN ~[20 

P3 2 /CNTR^Hl 
P3T**!! 

I P3 ~H 

I P53/INTT— [24 

i P5 2 /INT 2 — H 
CNVss H 
Reset input RESET -*■ [27 
Clock input X, N — ^IH 

Clock output X ut*-IM 
Clock input for Y -» En 
clock function X ciN^p2 
Clock output for X CO ut "*~ Hi 
clock function x/ „ r^ 



I/O port P3 



Input port P5 \ 



< 


^ 


Ol 


Ol 


o 


o 


CD 


CD 


Ol 


en 


CD o 


->J 


X "" 


X 


X 


X 


X 


X 


(0 


c/3 


"0 


"0 



64]- 

1- 
1- 
1- 

60]- 

1- 

1- 

1- 

1- 

55]- 
54]- 
53]- 

1- 

m- 

50|- 

49]- 

H- 

m- 

46]- 

1- 

44]- 

1- 
1- 

4J]- 

40]- 



High-voltage 
output port P4 



Hig.i-voltage 
output port P0 



■P4 

'P4, 

•P4 2 
•P4 3 
•P4 4 
•P4 5 
•P4 6 
•P4 7 

POo 
•Pd 

P0 2 
•P0 3 

P0 4 
•P0 5 

P0 6 
•P0 7 

P1o 

P1i 

P1 2 

P1 3 

PI4 
•P1 5 

P1 6 

P1 7 

' P5o ) -High-voltage 
. pQ | output port P5 

■v P 

P5. 

P5. 
■P5 ( 
■P5 7 ' 
■ <p Timing output 



High-voltage 
output port P1 



Pull-down 
voltage input 



} Input port P5 



Outline 64P4B 



P4 4 - 

P4 3 < 

P4 2 < 

PV 

P4 < 

Vcc 

Vcc 

Vss 

P65- 

P6 4 - 

P6 3 /PWM3 - 

P6 2 /PWM2 - 

PB^PWMI - 

P6 /T « 

NC 



Q.Q.Q.Q.Q.CLQ.Q.Q.Q.Q.ZQ.Q.Q.Q.Q.Q.Q.Q.Q. 
ttttt-tttttt t t t t t t t t t 



o 



M50957-XXXFP 

or 
M50959-XXXFP 



HI- 



id- 



o 



o 



LlJ^l3l4l5l6l7lal9ligillll2|l3|l4|l5|l6|l7|l8||l9|20|21 1' 

tltttlt) llttHIItt 

CON^ifl^cocjT- Of\| >- \y \— -7 co n* t o t- cm tn 
WCMCvlCVJCMCMCslCVJCNJ^Q^ 5^0 F ^CO h h W 

>Q.Q.O.Q.Q.n.Q.Q.Ztt:^ 0WQ.HZQ.z2> 



P5i 
V P 
P5 4 
P5 5 
P5 6 
P5 7 

Vss 

* XcOUT 
" XciN 

NC 

* XoUT 

NC 

- RESET 



co cp co °- 
0. Q- o. 



Outline 72P6 



NC : No Connection 
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M50957-XXXSP BLOCK DIAGRAM 



Clock Input Clock Output 
Clock Clock for Clock for Clock 
input output function function Timing 
X|N XoUT XciN XcOUT Output 

@ @ — ® — © — 65)- 




Pull-down Voltage 
Reset input input (5V) (Ov) (OV) 
RESET V P v C c V ss CNVss 
-®) (38) (T) (32) ®— ■ 



Clock 

generating 

circuit 



I n h 



RAM 
256bytes 



Address Bus 



Program 
counter 

PC H (8) 



Program 
counter 

PC L (8) 



8-bit 

Arithemetic 

and Logical 

unit 



H 




Accumulator 

A(8) 



E 



1 



Processor 




Index 




Index 


Status 




register 




register 


Register PS (8) 




X(8) 




Y(8) 



Stack pointer 
S(8) 



ir^i n 



| Timer count source selection circuit | 


•<L J- 






i 










Timer 2 T2(8) 






Instruction 
register 

(8) 




c : 






" 






< 




) 




H 




< 








Instruction 
decoder 




J ^ 


Timer3T3(8) 






A-^ A 










\j 


V 


\ 


CNT. 


\ 






Y 
Control signal 






' 






^ => 


Timer 1 t!(8) 




































High-voltage output port PO High-voltage output port P1 I/O port P2 

Note 1 : M50959-XXXSPhas16384-byte ROM. 



I/O port P3 



Output port P4 



Output and Input port 
(a part of high-voltage port) 



I/O Port P6 



Z 

o 

r 
m 

■ 

o 



= 3 

8 S 

„ (0 



o 
a 

o 
o 

o 
3 

■o 
c 

H 

pi 



X 
X 

X 
(A 

■n 



2 55 

en m 

o - 

tn - 

is 

^ H 
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MITSUBISHI MICROCOMPUTERS 

M50957-XXXSP/FP 
M50959-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50957-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1.9/us (minimum instructions, at 4. 2MHz frequency) 


Clock frequency 


4.2MHz 


Memory size 


ROM 


10240bytes (16384bytes for M50959-XXXSP) 


RAM 


256bytes 


Input/output ports 


PO, P1, P4 


Output 


8-bitX3 (high-voltage P-channel open drain; V C c — 38V) 


P2, P3 


I/O 


8-bitX2 (P3 can partially be used as among serial I/O, clock input 
for timer 3 and normal I/O.) 


P5 , P5, 


Output 


2-bitX1 (high-voltage P-channel open drain; V C c — 38V) 


P5 2> P5 3 


Input 


2-bitX1 (can be used as an input for either INT 2 or INTV) 


P5 4 ~P5 7 


Input 


4-bitX1 


P6 


I/O 


6-bitX1 (can be used as T-i output or PWM output.) 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX3 (X2, when used as serial I/O) 


Subroutine nesting 


96levels (max.) 


Interrupt 


Two external interrupts, three internal timer interrupts 
(or timerX2, serial I/OX1 ) 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


atf(X, N )=4.2MHz 


4. 0-5. 5V 


below f(X| N ) = 1.0MHz 


3. 0~5. 5V 


Power dissipation 


at high-speed operation 


20mW (clock frequency X, N =4.2MHz) 


at low-speed operation 


0. 3mW (clock frequency XciN = 32kHz) 


at stop mode 


5/iW (when clock is stopped) 


Input/Output characteristics 


Input/Output voltage 


12V (input/output P2, P3, P5 2 , P5 3 except P3 3 ) 


V CC -38V (PO, P1, P4, P5 , P5j 


-0. 3V~V cc +0. 3V (input/output P6) 


Output current 


10mA (P2, P3 : N-channel open drain) 


— 18mA (PO, P1 : high-voltage P-Channel open drain) 


— 12mA (P4, P5 , P5} : high-voltage P-Channel open drain) 


0.5 0.5mA (P6 : CMOS tri-states) 


Memory expansion 


Possibe 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50957-XXXSP, M50959-XXXSP 


64-pin shrink plastic molded DIP 


M50957-XXXFP, M50959-XXXFP 


72-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 4.0~5.5V'at f(X, N )=4.2MHz and 3.0-5.5V below f(X 1N ) = 1.0MHz to V cc , and 0V to 
Vss- 


CNVss 


CNV SS 




This is usually connected to V S s- 


v P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports PO, P1, P4, P5 and P5v 




Reset input. 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2^s (under normal V C c 

conditions). 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 

required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramfc or a 
quartz crystal oscillator is connected between the Xin and X ut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 





Timing output 


Output 


This is the timing output pin. 


XciN 


Clock input for clock 
function 


Input 


This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the X C in and X C out pins. If an exter- 
nal clock is used, the clock source should be connected to the X C in pin and the Xcout pin should be left 
open. This clock can be used as a program controlled the system clock. 


XcOUT 


Clock output for 
clock function 


Output 


P0 ~P0 7 


Output port PO 


Output 


Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built in between the V P pin and this port. 
At reset, this port is set to a "L" level. 


P1 ~P17 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P2. When serial I/O is used, P3 7 , 
P36, P3 5 , and P3 4 work as Srdy. CLK, Sout. and S| N pins, respectively. P3 3 works as an analog input for 
comparator, and P32 works as a clock input for timer 3. 


P4 ~P4 7 


Output port P4 


Output 


Port P4 is an 8-bit output port and has basically the same functions as port P2. 


P5 , P5t 


Output port P5 


Output 


Bit and 1 of port P5 are 2-bit output port and has basically the same functions as port PO. 


P5 2 /INT 2 
P53/INT! 


Input port P5 


Input 


Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs. 


P5 4 ~P5 7 


Input 


Bit 4~7 of port P5 are 4-bit input port. 


P6 ~P6 7 


I/O port P6 


I/O 


Port P6 is a 6-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The oulput structure is CMOS tri-state output. P8 , PQ), P6 2 , P6 3 can be programmed to 
function as timer output pin (T) , PWM output pins (PWM1, PWM2, and PWM3), respectively. 
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BASIC FUNCTION BLOCKS 
MEMORY 

A memory map for the M50957-XXXSP is shown in Figure 

1. Addresses D800 16 to FFFF 16 are assigned to the built-in 

ROM area which consists of 10240 bytes. 

Addresses C000 16 to FFFF 16 are the ROM address area 

assigned to the M50959-XXXSP. 

Addresses FF00 16 to FFFF 16 are a special address area 

(special page) . By using the special page addressing 

mode of the JSR instruction, subroutines addressed on this 

page can be called with only 2 bytes. Addreeses FFF4 16 to 

FFFF-| 6 are vector addresses used for the reset and inter- 



rupts (see interrupt chapter) . Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 00BF 16 and 0100 16 to 013F 16 are 
assigned to the built-in RAM and consist of 256 bytes of 
static RAM. In addition to data storage, this RAM except 
the area in the page 1 is used for the stack during sub- 
routine calls and interrupts. 



ROM 

(16384 bytes) 

for 

M50959-XXXSP 








/ 0000 16 

UoBF 16 

00E0 16 

| 00FF 16 
I 013F 16 

C000 16 
D800 16 

FF00 16 

FFF4 16 

■ FFFF 16 




Decimal 



/ 

/ 
/ 
/ 
/ 
/ 
191 / 
/ 
/ 
/ 
/ 
/ 

255 

\ 

\ 

\ 
\ 
\ 

\ 

\ 
\ 
\ 

\ 

\ 

\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

INT 2 \ 
S I/O or Timer 1 ^ 
Timer 2 \ 
Timer 3 \ 
INT n * 






Zero page < 


RAM 
(192 bytes) 




00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 , 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
00FE 16 


Port P0 




Port P1 




Not used 


Port P2 


Pnrt P9 directional 
ron v * register 








Port P3 


RAM 
(64 bytes) 




Port P3 r d i^i° r nal 
register 


Port P4 


Not used 




Port P5 




Port P6 


ROM 
(10240 bytes) ^ 

for 
M50957-XXXSP 


Special 
page for 
subroutine 
call 




Pnrt PR directional 
Port Mb register 


PWM1-H register 


PWM1-L register 


PWM2 register 


PWM3 register 






PWM, output mode register 


Serial I/O mode register 


Serial I/O register 






Address L 
Address H 


Timer 1 


Address L 
Address H 


Comparator register 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer 3 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 




RESET 
65535 


00FF 16 


Timer control register 













Fjg.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



7 





A 


7 





X 


7 





Y 


7 





S 



15 7 


PC H 


pc l 



Accumulator. 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

- Carry flag 
-Zero flag 

-Interrupt disable flag 
-Decimal mode flag 
-Break flag 
-Index X mode flag 
-Overflow flag 
-Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bjt register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The contents of the stack pointer is XX 16l the stack address 
is set to 00XX 16 . When using this microcomputer in the 
single-chip -mode, the stack pointer should be set at the 
bottom address of the internal RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTl) is executed, the program counter 
are processpr status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal arithmetic can be per- 
formed only with the ADC and SBC instructions. Decimal 
correction is automatically executed. The SED and CLD in- 
structions are used to set and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a singed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directrly setting or resetting the negative flag. 



Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16) FFFE 16 


INTi 


2 


FFFD 16) FFFC 16 


Timer 3 


3 


FFFB 16 , FFFA 16 


Timer 2 


4 


FFF9 16> FFF8 16 


Timer 1 or serial I/O 


5 


FFF7 16 , FFF6 16 


INT 2 (BRK) 


6 


FFF5 16> FFF4 16 



INTERRUPT 

The M50957-XXXSP can be interrupted from seven souces; 
INT 1( timer 3, timer 2, timer 1 /serial I/O, or INT 2 /BRK in- 
struction. 

The value of bit 2 of the serial I/O mode register (address 
00F6 16 ) determine whether the interrupt is from timer 1 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
1, and when bit 2 is "1" the interrupt is from serial I/O. Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag I is set 
to "1". All of the other interrupts can further be controlled 
individually via the interrupt control register shown in Figure 
3. An interrupt is accepted when the interrupt enable bit 
and the interrupt request bit are both "1" and the interrupt 
disable flag is "0". ' 



K^ 



rO 



rO 



iO 



Interrupt request 



^P 



<^ kin 

mest ' — Intarmnt rlisahlfi flan 



7 


































Interrupt disable (lag I 



-Reset 



Interrupt control register (Address 00FEi 6 ) 
Bit 7: INTt pin interrupt request bit 
Bit 6: INT! pin interrupt enable bit 
Bit 5: Timer 2 interrupt request bit 
Bit 4: Timer 2 interrupt enable bit 
Bit 3: Timer 1 interrupt or serial input/output interrupt 

request bit 
Bit 2: Timer 1 interrupt or serial input/output interrupt 

enable bit 
Bit 1 : INT 2 pin interrupt request bit 
Bit 0: INT 2 pin interrupt enable bit 

Timer control register (Address 00FFi 6 ) 
Bit 7: Timer 3 interrupt request bit 
Bit 6: Timer 3 interrupt enable bit 
Bit 5: Timer 2 count stop bit 
Bit 4: Timer 3 count source selection bit 
Bit 3: Timer 2 count source selection bit 
Bit 2: Timer 1 count source selection bit 

Bit 1: 

BitO: 



f Processor mode bits 



Fig.3 Interrupt control 
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The interrupt request bits are set when the following condi- 
tions occur: 

(1) When the level of pins IN"^ and INT 2 change. 

(2) When the contents of timer 3, timer 2, timer 1 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but cannot 
be set by the progream. However, the interrupt enable bit 
can be set and reset by the program. 
The change in level at which the INT pins generate a inter- 
rupt varies according to the content of bits 4 and 5 of the 
PWM output mode register (address 00F5 16 ). When these 
bits are "0", the interrupt request is generated when INT 
changes from high-level to low-level. When these bits are 
"1", the interrupt request is generated when INT changes 
from low-level to high-level. Bits 4 (PM 4 ) and 5 (PM 5 ) cor- 
respond to INTi and INT 2 respectively. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 

TIMER 

The M50957-XXXSP has three timers; timer 1, timer 2, and 
timer 3. Since P3 (in serial I/O mode) and timer 1 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address 00FF 16 ), as shown in Figure 
5. 

A block diagram of timer 1 through 3 is shown in Figure 4. 
All of the timers are down count timers and have 8-bit 
latchs. When a timer counter reaches "0", the contents of 
the reload latch are loaded into the timer at the next clock 
pulse. The division ratio of the timers is 1/(n+l), where n 
is the contents of the timer latch. 

The timer interrupt request bit is set to "1" at the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FF 16 , respectively (see Interrupt section). The starting/ 
stopping of timer 2 can be controlled by bit 5 of the timer 
control register. If bit 5 (address 00FF 16 ) is "0", the timer 
starts counting and when bit 5 is "1", the timer stops. The 
count source of timer 3 can be controlled by bit 4 of the 
timer control register. If bit 4 (address 00FF 16 ) is "1", the 
timer counts from the P3 2 /CNTR pin. 
When the STP instruction is executed, or after reset, the 
timer 2 and timer 3 latch are set to FF 16 and 07 16 , respec- 
tivery. 

After a STP instruction is executed, timer 2, timer 3, and the 
clock (0 divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if the timer 3 interrupt request bit is 
set to "1", or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 2 



j Timer control register (Address 00FF 16 ) 



Processor mode bits 

00 '. Single-chip mode 

01 : Memory expanding mode 

10 ' Microprocessor mode 

11 '. Eva-chip mode 

Timer 1 count source selection bit 

: 1/4 timing <t> 

1 : Timer 3 overflow signal 

Timer 2 count source selection bit 

11/4 timing <t> 

1 : Clock for the clock function (X C in) 

Timer 3 count source selection bit 

: Timer 2 overflow signal 

1 : Clock input for timer (CNTR) 

Timer 2 count stop bit 

: Count start 

1 : Count stop 

Timer 3 interrupt enable bit 

: Interrupt disable 

1 : Interrupt enable 

Timer 3 interrupt request bit 

: No interrupt request 

1 : Interrupt request 



Flg.4 Structure of timer control register 

count stop bit) and bit 4 of the interrupt control register 
(timer 2 interrupt enable bit) must be set to "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 
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Data bus 



Xcin (V 



1/4 



£ZL 



Timer 2 latch (8) 



Internal clock 
(Normally 1/4 X 1N ) 



P3 2 /CNTR 



op 



P6, 



,/tQ- 



P6 latch 



SM 4 



TM 5 



V £" 



Timer 2(8) 
(Address 00FC 16 ) 



J_ 



Timer3latch(8) 



TM 4 



i e 



Timer 3(8) 
(Address 00FD 16 ) 

— C3 



07, 8 



r^ 



Timer 1 latch (8) 



-6 



Timer 1(8) 
(Address 00FA 16 ) 



Uj 



1/2 



/-\ CLK 



SMl SM 

00, 01 : External clock 
V 10 : 1/2 timer 1,11 :i/4< 



o 



dt 



Sync, circuit — , 



SM, SM 2 

SoUT 



P3 5 




P3,(> 



^cy 



r— SM 3 



Serial input/output 
counter (3) 



Serial input/output 
register (8) 



LSB 



S 7- Reset 
V ^ V -STP ins 



STP instruction 



■ to timer 2 interrupt request bit 



- to timer 3 interrupt request bit 



SM 2 

o- 



^to timer 1 or serial I/O interrupt 
request bit 



TM 
SM 
PM 



Timer control register (Address 00FF 16 ) 
Serial I/O mode register (Address 00F6 16 ) ' 
PWM output mode register (Address 00F5 16 ) 
~^\W^~ Selection gate : Connected to black 






colored side at reset. 



Fig.5 Block diagram of timer 1, timer 2, timer 3 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 6. 
In the serial I/O mode the receive ready signal (S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout. S| N ) are used as P3 7 , P3 6 , P3 5 , and P3 4l respectively. 
The serial I/O mode register (address 00F6 16 ) is 8-bit reg- 
ister. Bits 1 and of this register is used to select a syn- 
chronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10], the overflow sig- 
nal from timer 1, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are [11], timing divided by 
4, becomes the clock. 



Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a "1", P3 6 becomes an I/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If an exter- 
nal synchronous clock is selected, the clock is input to P3 6 
and P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 to "0". For more information on 
the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 1. Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal (bit 3=1, S RDY ) or used as normal I/O pin 



Timing Divider 



•o 



1/4 



3,0-2=-d 



P3e(> 



P3 5 Q 



Sout 



Sin 



^ 







t, 



from 1/4 timing 4, _| Timerl(8 ) 
or timer 3 




1/2 



(Address 00FA 16 ) 



Serial I/O counter (3) 



Transmission clock 



3 



> MSB Serial I/O register (8) LSB 

(Address 00F7 16 ) l"> 
/ Data bus J 




to timer 1 or 
serial I/O 
interrupt request bit 



Serial I/O mode register (Address 00F6 16 ) 
lower 4 bits 



External clock 



Sync, clock selection bit 

00 : | 

01 :' 

10 : 1/2 timer 1 frequency 

11 ". 1/4 timing 4> 



Serial I/O port selection bit (P3 5) P3 6 ) 

: Parallel port 

1 I Serial input/output port 

Srdy signal output selection bit (P3 7 ) 

: Parallel port 

1 : S RDY signal output pin 



Fig.6 Block diagram of serial I/O 
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(bit 3=0). The serial I/O function is discussed below. The 
function of the serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal clock— The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M50957-XXXSP is ready to receive the external serial data. 
The S RDY signal goes "H" at the next falling edge of the 
transfer clock. The serial I/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P3 5 . During the 
rising edge of this clock, data can be input from P3 4 and 



the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 
External' clock— If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled' 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 7. An example of communication between 
two M50957-XXXSPs is shown in Figure 8. 



s^c coc "TTijnjnjnjTiTJTJijn_Ji_ri_rLn 

LriJiJrLrLn_rLrLJ 



Transmission clock 



Serial I/O register 
Write signal 
Serial I/O output 
output S UT 

Serial I/O input 
input S| N 

Receivable signal 

Srdy 
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LJ 



Interrupt request bit set 



Fig.7 Serial I/O timing 





Sending side 


P3 7 


Srdy 


P3 7 


Receiving side 






Serial I/O mode register 


Serial I/O mode register 






Bit 3 BitO 




P3 6 


Sync clock 


P3 6 




Bit 3 BitO 









1 


1 









1 


1 





X 
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direction register for 


pin P3 7 
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irection register for p 


in P3 4 


should oe sei 10 input moae. 


P3 5 


Serial data 


P3 4 


should be set to input mode. 













Fig.8 Example of serial I/O connection 
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PWM OUTPUT CIRCUIT 

(1) Introduction 

The M50957-XXXSP is equipped with one 14-bit PWM 
and two 6-bit PWMs. The 14-bit resolution gives PWM1 
the minimum resolution bit width of 500ns (for X, N = 
4MHz) and a repeat period of 8192/^s. PWM2 and 
PWM3 have a 6-bit resolution with minimum resolution 
bit width of ~\6/us and repeat period of 1024/^s. 
Block diagram of the PWM is shown in Figures 9 and 
10. 

The PWM timing generator section applies individual 
control signals to PWM 1~3, using clock input X, N di- 
vided by 2 as a reference signal. 

(2) Data setting 

The output pins PWM1, PWM2 and PWM3 are in com- 
mon with pins P6 1f P6 2 and P6 3 of port P6 (i.e. for PWM 
output, PM1~PM3 of the PWM control register and the 
P6 directional register 06^063 should be set). When 
PWM1 is used for output, first set the higher 8-bit of 
the PWM1-H register (address 00F0 16 ), then the lower 
6-bit of the PWM1-L register (address 00F1 16 ). In case 
of M50959-XXXSP, if the low-order 6 bits are the same, 
this is also possible by changing the H register only. 
When either PWM2 or PWM3 is used for output, set the 
6-bit in the PWM2 (address 00F2 16 ) or PWM3 (address 
00F3 16 ) register, respectively. Note that the higher 2 
bits of these 8-bit registers are ignored when used 6- 
bit register. 

(3) Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data at addresses 
00F0 16 ~ 00F3 16 is read, data in these latches has 
already been read allowing the data output by the 
PWM to be confirmed. When the 6-bit latch is being 
read, the upper 2 bits of the register becomes unde- 
fined. However, bit 7 of the PWM1-L register indicated 
the completion of the data transfer from the PWM1 reg- 
ister to the PWM1 latch. If bit 7 is "0", the transfer has 
been completed, if bit 7 is "1", the transfer has not yet 
begun. 

(4) Operation of the 6-bit PWMs 

The timing diagram of the two 6-bit PWMs (PWM2 and 
PWM3) is shown in Figure 10. One period (T) is com- 
posed of 64 (2 6 ) segments. 



There are six different pulse types configured from bits 
0~5 representing the significance of each bit. These 
are output within one period in the circuit internal sec- 
tion. Refer to Figure 11(a). 

Six different pulses can be output from the PWM. 
These can be selected by bits through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5~0 
is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 11 (b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, 
i.e. 64/64. 

(5) 14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 11. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N times r is output ev- 
ery short area of t= 256 r =128/^s as determined by 
data N of the higher 8 bits. (Refer to PWM output © in 
the lower part of Figure 12 and 13.) 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus r . As a result, 
the short-area period t (= 1 28/^s, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 

At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 



Table 2 



Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 



6 lower-order bits of data 


Area longer by t than that of other t m (m = ~63) 


0000 o L o B 


Nothing 


1 


m=32 


1 


m = 16,48 


10 


m= 8,24,40,56 


1 


m= 4, 12,20,28,36,42,50,58 


1 


m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


1 







2-444 



MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50957-XXXSP/FP 
M50959-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PWM1-L (Address 00F1 16 ) 
V 



Register 



/Set to 1 \ ^i .I 
PWM1-H \whe n write / |bit7||bit5 



(Address 00F0 16 ) ^ 



Register bjt7 



bitO 



-6> 



bitO 



Selection gate: connected to black 
colored side when 
reset. 



PWM1 latch (14-bit) \t 



MSB 



-Ct: 



LSB 



(X) — Pass gate 



14-bit PWM circuit 



U(4MHz) 



1/2 



(2MHz) 




PWM1 



Timing generator 
for PWM 



PMO 



(8192^s period) 



P6, D6, 

DO 



PM1 



, "t>i 



l£>* 



PG,/P\NM} 

f-o 



P6 2 D6 2 



6-bit PWM circuit — I 



"^6 



MSB 



PWM2 
(Address 00F2 16 ) 



~ 1 T~ 
PWM2 latch 

(6 bit) 



LSB 



(1024jus period) 



PWM2 



PM2 



1CH 



P6 2 /PWM2 

\-o 



UC^ 



6-bit PWM circuit 



PWM3 



MSB 



PWM3 latch 

(6-bit) 



PM3' rl — s} 



LSB 



register 



bit5 



bitO 



PWM3 
register (Address 00F3 16 ) 






P6 3 /PWM3 



u 



P6 3 D6 3 

PM : PWM output mode register (Address 00F5 16 ) 
D6 : Port P6 directional register (Address 00EF 16 ) 
P6 : Port P6 register (Address 00EE 16 ) 



data bus 



Fig.9 Bloock diagram of the PWM circuit (M50957-XXXSP) 
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Register 



PWM1-H 
(address 00F0i 6 ) 



PWM1 latch (14-bit) \> 



PWM1-L (Address 00F1 16 ) 
set to 1 \-^r 
when write/ Ibit7 



bit5 



-6> 



bitO 



■a= 



LSB 



,'14 



Selection gata: connected to 
black colored 
side when reset. 

Pass gate 



14-bit PWM circuit 



y(4MHz) 



1/2 



(2MHz) 




Timing generator 
for PWM 



PM 



(8192/^s period) 



P6, D6, 






Lt^ 



P6T/PWM1 

f-o 



P6 2 D6 ? 



6-bit PWM circuit —J 



MSB| 



PWM2 latch 
(6-bit) 



(1024/^s period) 



PWM2 



6-bit PWM circuit 



-6- 

PM 2 



PWM3 






P6 2 /PWM2 



PWM3 latch 
(6-bit) 



PM 3 [ J J \Z 



LSB 



bit5 



PWM2 (address 00F2 16 )f 



bitO 



bit5 



register 



PWM3 (address 00F3 16 ) 
register 



JD^ 



P6 3 /PWM3 



D 



P6 3 D6 3 

PM : PWM output mode register (Address 00F5 16 ) 
D6 : Port P6 directional register (Address 00EF 16 ) 
P6 : Port P6 register (Addresss 00EE 16 ) 



Fig. 10 Block diagram of the PWM circuit (M50959-XXXSP) 
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Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bin 1 
BitO 



012 34 5 678 12 16 20 24 28 32 36 40 44 48 52 56 60 63 

UWLJlJllWLJiriJ^^ 



Contents 
of the latch 

When00 16 



When 01 16 



When18 16 
(24) 

When28 16 
(40) 

When3B 16 

(59) 

When3F 16 " 
(63) 



Jl n 



Jl 



Jl 



Jl 



Jl fl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



Jl 



(a) Pulses showing the weight of each bit 



Jl 



__TU1TLJ1JIJ~LJ1JIJLJIJ^^ 

junnnrnjiru~Lrmj^^ 
— ~u — — 



IT 



"IT 



If 



£ 



T = 64t 



When output is lower 6 bits of PWM1 t = 128/js T = 8192/iS 

When output is PWM2 and PWM3 t= 16//s T=1024/iS 

When f (X|N )=4MHz 

(b) Example of 6-bit PWM output 



IT 



Fig. 11 6-bit PWM timing diagram 
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Data in address 00F0 


16 


is #6A 16 


Data 


n address 00F0 16 is #7B 16 




PWM1-H 

register 


59 16 


6A 16 ^ 


•^ 


7B 16 




Data in address 00F1 16 is #24 16 


^. Bit 7 reset after transfer 


Data is address 00F1 16 is #35 16 


PWM1-L 

register 


13 16 


A4 16 ^ 


\s «« 


* 


| 35 16 






Register to latch tranfer B5 16 s 


Register to latch tranfer 


PWM1 latch 

(14 bit) 




1653 16 ^ 


1AA4 16 


1AA4 16 


» 1EF5 16 








^ T = 8192^s 


\ — When bit 6 of PWM1-L is "0" register 
to latch transfer will not occur. 




(64X128/^s) 



( Example 1) 6A 
PWM1 output 
© 
lower 6 bits 

output^ | 5 

(When H:6A 16 " 
L: 24 16 ) 



6B 6A 6B 6A 6B 6B 6B 6A 6B 



6A 



... ___ _.. __ ... ._ ._ ._ _.. __ „.. 6B 6A 6B 6B 6B 6A 6B 6A 6B 6A 6B 6B 6B 6A 

jinnJirinnnJinJLTJiJinfui^ 



'JT_r7Lj 5 J 3 j 5 |_J7l_ 



(Example 2) 
PWM1 output 



lower 6 bits 

output 

(When H:6A 16l 
L:18 16 ) 



t= 128/^s 
-^\ r^— 



jLTLrLrLTLrLuir 



U^^LRJT U^Ti7U7_R 



6B 16 36 times 6A 16 28 — 

(1 07) (106) times 



... 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 

juuuuuuuinj^ 

n m r n r u n 



6B 16 ------ 24 times 6A 16 52 times 



6A 6B 6A 6B 6A 6B I6A 6A 

JinJlMrLTLTL 
JTLRJTl 



-^.106X64+24 



6B 6A 



Minimum bit resolution width 



PWM1 output 



^ 



ADD 



I I 



8-bit counter I Q2 • 01 ' 00 



) 



High/low-level of the ADD 
section is determined by 
the data contained in 
the lower 6 bit. 



r =0. 5^s 



t= 128^s - 

(256X0. 5^/s) 



6A i 69 | 68 | 67 [ 



. — ' 02 ' 01 



ADD 



FF i FE i FDiFCj — I 97 j 96 I 95 ' 

i I I I I I 



i 02 J 01 i 00 

I I I 



High-level area output, the length 

of which is specified PWM-H 



1 i l l i p— 

6A j 69 | 68 | 67 ] — | 02 ] 01 



1 1 1 1 1 1 1 r 

FF i FE l FD i FC ' — i 97 I 96 ■ 95 ' 
I i I I i i I i 



256 r(l28^s) standard 



Fig.12 14-bit PWM timing diagram (M50957-XXXSP) 
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PWM1-H 



Data in address 00F0 16 is # 6A 16 



Data in address 00F0 16 is # 7B 16 



register 



59„ 



6A 16 



PWM1-L 



Data in address 00F0 16 is # 24 16 ^ Bit 7 reset after transfer 



register 



PWM1 latch 

(14 bit) 



13 1( 



A4 16 



A 



™ 



24 16 



Register to latch tranfer 



1653 16 *1A93,< 



1AA4 16 



7B 16 



Data is address 00F1 16 is # 35 16 



•s ! 35 16 



B5, 



-y 



Register to latch tranfer 



1AA4 16 ^1EE4 16 V 



1EF5 16 



/ t When bit 6 of PWM1-L is "0" register 

T = 81 92/7 s _ | t | a t C h transfer will not occur. 



(64X128//S) 



( Example 1) 6A 
PWM1 output 



x 



lower 6 bits 

output | 5 

(When H: 6A,, 
L:24 16 ) 



jinnJiruuiTLfm jmruwumr 

_R^U7LJT ~LT 



lF_rj 



(Example 2) 
PWM1 output 



lower 6 bits 

output 



(When H:6A 16 , 
L:18 l6 ) 



t= 128/7S 
-H r*^- 



6B 6A 6B 6A 6B 6B 6B 6A 6B 



5 j 3 j 5 LJT1_ 



6B 6A 6B 6B 6B 6A 6B 6A 6B 6A 6B 6B 6B 6A 



5 ! 3 5 



L_m_R 



6B 16 36times 6A 16 28 



(107) 



(106) 



6A 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 

JLlMJTJlTLAIiriJUlJm^ 



J7LJ7U7L 



6B 16 24 times 6A 16 52 times 



rr_7U7L 



6A 6B 6A 6B 6A 6B I6A 6A 

jiniiMjuui 



-3*106X64+24 



6B 6A 



Minimum bit resolution width 



PWM1 output 
% 



K 



ADD 



8-bit counter i Q2 ' 01 ' 00 



/ 



High/low-level of the ADD 
section is determined by 
the data contained in 
the lower 6 bit. 



r =0. 5,us 



t= 128/is ~- 

(256X0. 5//s) 



6A i 69 ' 68 ' 67 ' 



' 02 ' 01 



ADD 



— i — i — r— i 1 — i — I 1 1 — i — r 

FF i FE i FD i FC | — • 97 J 96 I 95 ' — i 02 | 01 i 00 



High-level area output, the length 

of which is specified PWM-H 



1 i i I ii 

6A | 69 | 68 | 67 ] — ] 02 J 01 



1 1 1 1 1 — T 1 r 

FF i FE l FD i FC ' — i 97 I 96 i 95 ' 



256 r(!28/us) standard 



Fig.13 14-bit PWM timing diagram (M50959-XXXSP) 
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PWM output mode register 

(Address 00F5 16 ) l 

- PWM1, PWM2, PWM3 count source 
selection bit 

: Supply 

1 : stop 

• PGt/PWMt output selection bit 

: Parallel port 

1 : PWMt output 

■ P6 2 /PWM 2 output selection bit 

: Parallel port 

1 : PWM 2 output 

- P63/PWM3 output selection bit 

". Parallel port 

1 : PWM 3 output 

- INT-i input reverse bit 

I INT (leading-edge interrupt request) 

1 : INT (trailing-edge interrupt request) 

- INT 2 input reverse bit 

'. INT (leading-edge interrupt request) 

1 : INT (trailing-edge interrupt request) 

~ PSo/Tt output selection decision bit 
(reading only) 

: Parallel port 

1 : Output is 1 1I that of timer 1 



U 



1 Serial I/O mode register 
(Address 00F6 16 ) 



Sync clock selection bit 
00/01 : External clock 

10 : 1/2 timer 1 

11 M/4 internal clock 4> 

1/16 of the X| N oscillation frequency 
during normal operation. 
1/8 of the X C | N oscillation frequency 
during low speed operation 

-Serial I/O port selection bit 
(P3 5 , P3 6 ) 

: Parallel port 

1 : Serial I/O port 

-Srdy signal output selection bit (P3 7 ) 

'. Parallel port 

1 • Sr D y signal output pin 



-P6 /T output selection bit 

: Parallel port 

1 : Output is 1/2 timer 1 

-P6 /T output function selection bit 

: Sync, mode 

(EAROM clock input signal generation! 

1 '. Asynchronous mode 

-Clock (X|^— X ut) stop bit 

'. Oscillate 

1 : stop 

-Internal system clock generation selection 

'. X, N — Xout selection (normal mode) 

1 : Xcin - Xcout selection 

(low-speed mode) 



Fig. 14 Structure of PWM output mode register 



Fig. 15 Structure of serial I/O mode register 
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PORT P6 /TIMER 1 OUTPUT 

Bit of port P6 outputs 1/2 the frequency of timer 1 when 
00F6 16 bit 4 of the serial I/O mode register (address 
00F6 16 ) is changed. The output switching can be accom- 
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SM 5 ) of the serial I/O mode register. 
When SM 5 is set to "0" the synchronous mode is set. In 
such a case, after SM 4 has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 
the value of bit 6 (PM 6 ) of the PWM output mode register. 



From the time that the contents of SM 4 was changed to the 
point where switching completes, the contents of neither 
SM 4 nor P6 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during swiching. Figure 16 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 
When SM 5 is set to "1", the asynchronous mode is set. In 
this case, the output switching occurs directly after SM 4 has 
been changed. Figure 16 (b) gives an example of timing in 
the asynchronous mode. 
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P6 /T output 
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(a) Synchronous mode (SM 5 =0) 








1/2ofT1 
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timer 1 divided signal when 
ding edge of timer 1 divided 





Fig. 16 P6 /T switching timing diagram 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 17. The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, comparator register 
(address 00FB 16 ), and analog signal input pin (P3 3 /AN !N ). 
The analog input pin is common with the digital input/out- 
put terminal to the data bus. 

The 5-bit comparator register can generate 1/16V C c-step 
internal analog voltage, based on the settings of bits to 3. 
Table 3 gives the relation between the descriptions of com- 
parator register bits to 3 and the generated internal ano- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the compa- 
rator register, bit 4. 

The data is compared by setting the directional register 
corresponding to board P3 3 to "0" (board P3 3 enters the in- 
put mode), to allow board P3 3 /AN| N to be used as the ana- 
log input pin. The digital value corresponding to the internal 
analog voltage to be compared is then written in the com- 
parision register (address 00FB 16 ), bits to 3. The voltage 
comparision starts as soon as the writing is completed. 4- 
cycle (required for comparating) later, the result of com- 
parision is stored in the comparator register, bit 4. Bit 4 is 
"1" when analog input voltage > internal analog voltage 
and "0" when analog input voltage < internal analog vol- 
tage. 

When voltage is compared to by setting bits to 3 of the 
comparator register "0", bit 4 of the comparator register be- 
comes "1" regardless of the analog input voltage. 



Table 3 



Relationship between the contents of 
comparator register and internal voltage 



Comparator register 


Internal analog voltage 


bit 3 


bit 2 


bit 1 


bitO 











1 


1/16Vcc-1/32V cc 








1 





2/16Vcc-1/32V cc 








1 


1 


3/16Vcc-1/32V C c 





1 








4/.16V cc -1/32V cc 





1 





1 


5/16V cc -1/32V cc 





1 


1 





6/16V cc -1/32Vcc 





1 


1 


1 


7/1 6V C c- 1/32 V cc 







' 





8/16Vcc-1/32V C c 










1 


9/16Vcc-1/32V C c 







1 





10/16V cc -1/32Vcc 







1 


1 


n/16V cc -1/32V cc 




1 








12/16Vcc-1/32V cc 




1 





1 


13/16V C c-1/32V cc 




1 


1 





14/16Vcc-1/32V C c 




1 


1 


1 


15/16Vcc-1/32V cc 



Data bus 



(Address 00E8 16 ) 



Comparator control 
circuit 



P3 3 O 



Analog input 
voltage 




Internal analog voltage 



Output of 
comparator ^ 4 
result 



Comparator register 
^ (Address 00FB 16 ) 



Bit 3 



Bit 1 



BitO 



Switch tree 



Ladder resistor 



6 

Vss 



6 

Vcc 



Fig. 17 Comparator Circuit 
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RESET CIRCUIT 

The M50957-XXXSP is reset according to the sequence 
shown in Figure 18. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 2 jus while the power voltage is between 4 



and 5.5V and the crystal oscillator oscillation is stable and 
then returned to "H" level. The internal initializations follow- 
ing reset are shown in Figure 19. 

An example of the reset circuit is shown in Figure 20. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.0V. 



_iuiir___. 



Internal RESET. 



SYNC 
Address 

Data 



jLiwiuir 




8 — 1 2 clock cycles 



Reset address retrieved 
from the vector table 



Note 1 : The relationship of frequency between f( X|N ) and <t> is normally 
f(x IN )=4 • 4>. 
2 ! A question mark (?) means that the address is changable de- 
pending on the previous state. 



Fig. 18 Timing diagram at reset 



Address 
(1) PortO register ( P ) ( E 16 ) 



(2) Port 1 register 



(P 1 ) (E 2 16 ) 



(3) Port P2 directional (D2)(E5 16 ) 
register 

(4) Port P3 directional (D3)(E9 16 ) 
register 

(5) Port 4 register (P 4 ) (E A, 6 ) 



!6) Port 5 regis 



(P5KECJ 



!7) Port P6 directional (D6)(EF 16 ) 
register 

(8) PWM output mode (PM) (F5 16 ) 
register 

(9) Serial I/O mode (SM) (F 6 16 ) 
register 

(10) Comparator register (CR) (FB 16 ) 



(11) Timer 2 

(12) Timer 3 



(T2) (FCJ 
(T3)(FD 16 ) 



(13) Interrupt control ( I M) ( F E 16 ) 
register 

(14) Timer control register ( T M ) ( F F 16 ) 

(15) Processor status register (PS ) 
(only the interrupt disable 

flag is set.) 

(16) Program counter (PC H ) 

(PC L ) 



0, 6 | 




0, 6 | 




0, 6 | 




0, 6 




0, 6 | 




| ! ; i ' ! o I o | 




| oo 16 | 




| 'o|olo|o|o|ojo| 




| 0,6 | 




III! ° I o | o ( | 


I F Fle I 




| 7 16 | 




16 




| 0, 6 




Mill hill 




| ad° d n rlss S FF'FF 16 




I Contents of I 
| address FFFE 16 | 



Since the contens of both registers other than those listed above 
(including timer 1 and the serial I/O registers) and the RAM - are un- 
defined at reset, it is necessary to set initial values. 



M50957-XXXSP 



RESET 



27 



-N 



ov- 



- Power on 



-4.0V 



-0.6V 



M50957-XXXSP 



RESET 



27 




Supply voltage 
detection circuit 



Fig.20 Example of reset circuit 



Fig. 19 Internal state of the microcomputer at reset 
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I/O PORTS 

(1 ) Port PO 

Port PO is an 8-bit output port with high-breakdown vol- 
tage P-channel open drain outputs featuring a break- 
down voltage of V C c-36V. Each pin contains a pull- 
down resistor making V P a negative power source. As 
shown in the memory map in Figure 1, port PO is used 
on the zero page at address 00E0 16 in memory. 
Depending on the content of the processor mode bit 
(bits and 1 of address 00FF 16 ) , four modes can be 
selected, single-chip mode, memory expanding mode, 
microprocessor mode, memory expanding mode, mic- 
roprocessor mode, and eva-chip mode. Modes other 
than the single-chip mode also have functions as 
address output pins besides their original functions. For 
details, refer to the section on the processor mode. 

(2) Port P1 

Port P1 has the same functions as port PO in the single- 
chip mode. In modes other than the single-chip mode, 
functions vary slightly. For details, see the section on 
the processor mode. 

(3) Port P2 

Port P2 is an 8-bit I/O port with N-channel open drain 
outputs As shown in Figure 1, port P2 is used at 
address 00E4 16 in the memory. 

Port P2 has a data direction register (address 00E5 16 
on zero page) and programming can be undertaken for 
an individual bit to use the port for input or output. The 
pins where the data direction register is programmed 
to "1" are for output and those where the register is 
programmed to "0" are for input. 
The data written into the pin programmed as an output 
pin are written into the port latch and supplied directly 
to the output pin. When reading the data from a pin 
programmed as an output pin, it is not the output pin 
contents which are read but the port latch contents. 
Consequently, since an LED or other similar part is 
driven directly, the value output previously can be read 
correctly even if the low-level output voltage goes high. 
The pin programmed as an input pin remains floating, 
so external signals can be read. When data is written, 
it is written into the port latch only and the pin remains 
floating. 

This port has the same functions as port PO except for 
the single-chip mode. For details, see the section on 
the processor mode. 

(4) Port P3 

Apart from the fact that part of the pins are also used 
as serial input/output pins, analog input pin and timer 3 
clock input pin, its functions are the same as those of 
port P2 in the single-chip mode. This port has the same 
functions as port PO except in the single-chip mode. 
For details, see the section on the processor mode. 



(5) Port P4 

Port P4 has the same functions as port PO in the single- 
chip mode. The functions of this port do not change re- 
gardless of though the processor mode. 

(6) Port P5 

Bits and 1 of port P5 have the same functions as port 
P4. 

Bits 2 and 3 are exclusively used as inputs for mutual 
use as interrupt inputs. These pins feature hysteresis 
characteristics. These pins can also be used for fetch- 
ing inputs even when being used as interrupt inputs. 
The interrupt request bits (bit 7 and 1 of address 
00FE 16 =INT 1 and INT 2 , respectively) are set to "1" 
when the inputs of ports P5 3 (INT^ and P5 2 (INT 2 ) 
change. Depending on the contents of bits 4 and 5 of 
the PWM output mode register PM (address 00F5 16 ) , , 
either a raising-edge interrupt or a falling-edge inter- 
rupt may be selected as the interrupt source. (Refer to 
Figure 14.) 

Since interrupt input and normal input ports are used 
together in the M50957-XXXSP, unwanted noise may 
mistakenly cause interrupts. This problem can be over- 
come by programming. 

When changing either bit 4 (PM 4 ) or bit 5 (PM 5 ) of the 
PWM output mode register, it is necessary for the in- 
terrupt request enable bit (either bit 6 or of address 
00FE 16 ) to be set to the interrupt disable condition 
("0"). If this is not done, an interrupt will be generated 
when either PM 4 or PM 5 is changed. 
Bits 4 through 7 of port P5 is a 4-bit input port. 

(7) Port P6 

Port P6 is a 6-bit I/O port having the same functions as 
Port P2. The output is CMOS three-state. Bit is used 
in common with the timer output. Bits 1~3 are used in 
common with PWMs1~3. 

The functions of this port do not change, being the 
same as in the single-chip mode, even though the pro- 
cessor mode may change. 

A block diagram of ports PO through P6 are shown in 
Figure 21. 

(8) Clock <f> output pin 

The clock frequency, divided by four, is output (X iN ) . 
However, in the low-speed mode 1/2 the clock fre- 
quency for timer (X C in) is output. 
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Input 



<trr^|-0 




Schmitt input 



Ports P5 2 , P5 3 



PWM mode register! 



Data bus - 



4— o 



-Q- 



Ports P5 4 ~P5 7 



CMOS output 



rr 
O— o 



u 
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Fig.21 Block diagram of port P0~P6 (single-chip mode) and output format of < 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 23 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 22. 
By connecting CNV S s to V S s. all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV S s to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 
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Eva-chip mode 


r 


Microprocessor 
mode 


Note 1 : C000 


16 tor M50959-XXXSP 




The shaded area is external memory area 



Flg.22 Example memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV S s is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

The lower 8 bits of address data for port P0 is output 
when 0goes to "H" state. When $ goes to the "L" 
state, P0 retains its original output functions. 
Port P1's higher 8 bits of address data are output when 
<t> goes to "H" state and as it changes back to the "L" 
state it retains its original output functions. Port P2 re- 
tains its original output functions while </> is at the "H" 
state, and works as a data bus of D 7 ~-D (including in- 
struction code) while at the "L" state. Pins P3t and P3 
output the SYNC and R/W control signals, respectively 
while is in the "H" state. When in the "L" state, P3i 
and P3 retain their original I/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 

(3) Microprocessor mode [10] 

After connecting CNV SS to V C c and initiating a reset, 
the microcomputer will automatically default to this 
mode. 

In this mode, port P0 and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D 7 ~D ) and loses 
its normal output functions. Port P3! and P3 become 
the SYNC and R/W pins, respectively and the normal I/ 
O functions are lost. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV SS pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 

This mode has almost the same function as the mem- 
ory expanding mode except that it needs to attach all 
program memories to the outside. 
The relationship between the input level of CNV SS and 
the processor mode is shown in Table 2. 
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Fig.23 Processor mode and functions of ports P0~P3 



ablo 4 PiGlationship between CNV S s pin input level and' processor mode 



CNVss 


Mode 


Explanation . 


V ss 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with tho program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The M50957-XXXSP has two internal clock generating cir- 
cuits. Figure 26 shows a block diagram of the clock gener- 
ating circuits. Normally, the frequency applied to the clock 
input pin X| N divided by four is used as the internal clock 
(timing output) </>. Bit 7 of serial I/O mode register can be 
used to switch the internal clock 0to 1/2 the frequency ap- 
plied to the clock input pin X C | N . 

Figure 24 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the X, N (X C | N ) pin and leave the X OU t 
(Xcout) P' n 0P© n - A circuit example is shown in Figure 25. 
The M50957-XXXSP has two low power dissipation modes; 
stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C | N clock) stops with the internal clock <f> 
held at "H" level. In this case timer 2 and timer 3 are forc- 
ibly connected and 4>/4 is selected as timer 2 input. When 
restarting oscillation, FF 16 is automatically set in timer 2 and 
07 16 in timer 3 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 2 count stop 
bit must be set to supply ("0"), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable ("0"), 
and timer 3 interrupt request bit must be set to no request 
("0"). 

Oscillation is restarted (release the stop mode) when INT 1( 
INT 2 , or serial I/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to "1". When restarting oscillation with an interrupt, 
the internal clock <t> is held "H" until timer 3 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, "L" level must be kept to the RESET pin until the 
oscillation stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock stops at "H" 
level, but the oscillator does not stop. 4> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
recieves an interrupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode must be set to "1" be- 
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
X )N clock is stopped and the internal clock <f> is generated 
from the X C | N clock (200/M or less at f(X C | N ) = 32kHz). X, N 
clock oscillation is stopped when the bit 6 of serial I/O 
mode register (address 00F6 16 ) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
An "L" level must be kept to the RESET pin unit the oscilla- 
tion stabilizes when resetting while the X, N clock is stop- 
ped. Figure 27 shows the transition of states for the system 
clock. 
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Fig. 24 Example ceramic resonator circuit 
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Fig.25 Example clock input circuit 
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Fig.26 Block diagram of clock denerating circuit 
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The above example assumes that signals of 4MHz and 32kHz are being applied to pins X iN X C | N respectively. signifies the internal clock. 

(NoteD Approximately 8ms of latency time are automatically generated upon release 

from the STP instruction due to the connections of timer 2 and 3. 
(Note 2) Approximately 500ms of latency time exists after the release of the STP instruction. 
(Note 3) When the internal clock 1/4 frequency is connected as a timer count source the count source becomes 4kHz. 



Fig.27 Transition of states for the system clock 
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•<An example of flow for system> 



Power on reset 
1 
Clock X and clock for clock function X c oscillation 

Internal system clock start (X— 1/4— <f>) 

Program start from RESET vector 

S 



Normal program 



—Operating at 4 MHz 



S 



Internal clock source switching X( 4 MHz)— X CL k(32. 768kHz)(SM 7 : 0—1) 
Clock X halt(X c in operation) 

Internal clock halt(WIT instruction) 

1 
[—Timer 3 (clock count)overflow 

1 
Internal clock operation start (WIT instruction released) 



Clock processing routine 



— Operating at 32. 768kHz 



S 
-Internal clock halt (WIT instruction) 

Interrupts from INT 1f timer 2, timer 1 or serial I/O, INT 2 

Internal clock operation start (WIT instruction released) 

Program start from interrupt vector 

Clock X oscillation start 

1 



Oscillation rise time routine (software) 



—Operating at 32. 768kHz 



1 



Internal clocks source switching (X c — X)(SM 7 : 1 — ) 



Normal program 



♦Operating at4MHz 



STP instruction preparation (pushing registers) 



i 
Timer 2, timer 3 interrupt disable, timer 3 interrupt no request (IM 4 = , TM 6 = , TM 7 = ) 

Timer 2 count stop bit resetting (TM 5 = ) 

Clock X and clock for clock function X c halt (STP instruction) 



RAM backup status 



Interrupts from INT 1f serial I/O, INT 2 

Clock X and clock for clock function X c oscillation start 

Timer 3 overflow (X/16 or X c /8— timer 2 —timer 3) 
(Automatically connected by the hardware) 

Internal system clock start (X— 1/4— 0) 

Program start from interrupt vector 
S 



Normal program 



S 
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PROGRAM NOTES 

(1) The frequency ratio of the timer and the prescaler is 1/ 
(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When <f>/4 or it divided by timer are used as clock for 
timer, the contents of the timer can be read at volun- 
tary timing. 

However, when an other clock (except above clocks) 
is input to timer, read the contents of timer either while 
the input of the timer is not changing or after timer 
count is stopped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM.data EPROM 3 sets 

Write the following option on the mask confirmation form 

(1) output stop option 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s. 
Output transistors cut-off. 


—0.3—7 


V 


v P 


Pull-down input voltage 


Vcc-40~V C c+0. 3 


V 


Vi 


Input voltage, P2 ~P2 7 , P3 ~P3 2 , P3 4 ~P3 7 
CNVss, P5 2 /INT 2 , P53/INT, 


—0.3—13 


V 


v, 


Input voltage, RESET, X| N , X C in 


-0. 3-7 


V 


Vi 


Input voltage, P6 ~P6 5 , P3 3 


-0. 3-Vcc+O. 3 


V 


Vi 


Input voltage, P5 4 ~P5 7 


—0.3—13 


V 


Vo 


Output voltage, P2 ~P2 7 , P3 ~P3 2 , P3 4 ~P3 7 


-0.3-13 


V 


Vo 


Output voltage, P6 ~P6 5 , X ut, X C out, <f>, P3 3 


-0. 3-Vcc+O. 3 


V 


Vo 


Output voltage, P0 ~P0 7 , P1o~P1 7 , P4 ~P4 7 , P5 , P5t 


Vcc-40~V cc +0. 3 


V 


Pd 


Power dissipation 


T a = 25'C 


1000(Note1 ) 


mW 


Topr 


Operating temperature 




— 10—70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



Note 1 : 600mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (V cc =5V±10%,T a =-10~70 o C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


f (X|N )=4.2MHz 


4 


5 


5.5 


V 


f( X | N )=less thanlMHz 


3 


5 


5.5 


V 


v P 


Pull-down supply voltage 


Vcc-38 




Vcc 


V 


V S s 


Supply voltage 









V 


V, H 


"H" input voltage P2 ~P2 7 , P3 ~P3 7 , CNV ss (Note2 ) 
P5 2 /INT 2 , P53/INT!, P6 ~P6 5 


0.75V CC 




Vcc 


V 


V, H 


"H" input voltage RESET, X| N , X C in 


0.8V CC 




Vcc 


V 


V IH 


"H" input voltage P54~P5 7 


0.4V CC 




Vcc 


V 


v, L 


"L" input voltage P2 ~P2 7 , P3 ~P3 7 , CNV SS 
P5 2 /INT 2 , P53/INTL P6 ~P6 5 







0.25V CC 


V 


V 1L 


"L" input voltage RESET 







0.12V CC 


V 


v IL 


"L" input voltage X| N , X C in 







0.16V CC 


V 


V, L 


"L" input voltage P5 4 ~P5 7 







0.12V CC 


V 


| oH(sum) 


"H" sum output current P0 ~P0 7 , P1 ~P17, P4 ~P4 7 
P5 , P5, 






-120 


mA 


'oH(sum) 


"H" sum output current P6 ~P6 5 






-5 


mA 


'oL(sum) 


"L" sum output current P2 ~P2 7 , P3 ~P3 7 






50 


mA 


'oL(sum) 


"L" sum output current P6 ~P6 5 






5 


mA 


loH(peak) 


"H" peak output current P0 ~P0 4 






-40 


mA 


•oH(peak) 


"H" peak output current P0 5 ~P0 7 , P1 ~P1 7 






-30 


mA 


'oH(peak) 


"H" peak output current P4 ~P4 7 , P5 , P5! 






-30 


mA 


'oH(peak) 


"H" peak output current P6 ~P6 5 






-3 


mA 


'oL(peak) 


"L" peak output current P2 ~P2 7 , P3 ~P3 7 






15 


mA 


'oL(peak) 


"L" peak output current P6o~P6s 






3J 


mA 


'oH(avq) 


"H" average output current POo~P0 4 






-18 


mA 


'oH(avq) 


"H" average output current P05~P0 7 , P1o~P1 7 






-18 


mA 


'oH(avq) 


"H" avorago output current P<1 ~P4 7 , P5 , P5i 






-12 


mA 


'oH(avq) 


"H" average output current P6o~P6 5 






-1.5 


mA 


'oL(avq) 


"L" average output current P2 ~P2 7 , P3 ~P3 7 , P6 ~P6 5 






10 


mA 


'oL(avq) 


"L" average output current P6o~P6s 






1.5 


mA 


f(P3 2 /CNTR) 


Timer 3 counter clock input 
oscillation frequency (Note 3) 


f (X|N )=4.2MHz 






500 


kHz 


f (X|N ) = lMHz 






100 


kHz 


W 


Clock input oscillating frequency (Note 3,4,6) 






4.2 


MHz 


f (X n ,N) 


Clock oscillating frequency for clock function 






500 


kHz 



Note 2 : High-level input voltage of up to +12V may be applied to permissible for ports P2 — P2 7 , P3 ~ 
P3 2 , P3 4 ~P3 7 , CNVss, P5 2 and P5 3 . 

3 : Oscillation frequency is at 50% duty cycle. 

4 : When used in the low-speed mode, the timer clock input frequency should be f< X iN) < f(xiN)/3. 

5 : The average output current louavg) and l H(avg) are in period of 100ms. 

6 : When external clock input is used, the timer clock input frequency should be f( X ciN) ^ 50kHz. 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, V ss = OV, T a = 25°C, f (X|N ) = 4MHz ( unless otherwise noted) 



Symbol 










Limits 


Unit 






Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P6 ~P6 5 


l OH =-0.5mA 


Vcc-0.4 






V 


Vqh 


"H" output voltage 


l OH =-2.5mA 


Vcc-2 






V 


VoH 


"H" output voltage P0 ~P0 7 , P1 ~P1 7 


l 0H =-18mA 


Vcc-2 






V 


VoH 


"H" output voltage P4 ~P4 7l P5 0> P5i 


l H=-12mA 


Vcc-2 






V 


Vol 


"L" output voltage P2 ~P2 7 , P3 ~P3 7 


l OL =10mA 






2 


V 


Vol 


"L" output voltage P6 ~P6 5 


l OL =0. 5mA 






0.4 


V 


Vol 


"L" output voltage 4> 


l OL =2.5mA 






2 


V 


V T +-V T _ 


Hysteresis P5 2 /INT 2l P53/INT! 




0.3 




1 


V 


V t +-V t - 


Hysteresis RESET 






0.5 


0.7 


V 


Vt+-V t - 


Hysteresis P3 2 


When used as CNTR input 


0.3 




1 


V 


V t +-V t - 


Hysteresis P3 6 


When used as CLK input 


0.3 




1 


V 


'iL 


"L" input current P2 ~P2 7 , P3 ~P3 7 


V,=0V 






-5 


fuh 


'iL 


"L" input current P6 ~P6 5 


V,=0V 






-5 


/uA 


IlL 


"L" input current P5 4 ~P5 7 


V,=0V 






-5 


ma 


'iL 


"L" input current RESET, X| N , X C in 


V,=0V 






-5 


/uA 


IlL 


"L" input current P5 2 /INT 2 , P53/INT, 


V,=0V 






-5 


fuA 


'iH 


"H" input current 


P2o~P2 7 , P3 ~P3 7 


V|=5V 






5 


uA 


P2o~P2 7 , P3 ~P3 2 , P3 4 ~P3 7 


V,=12V 






12 


/uA 


I.H 


"H" input current P6 ~P6 5 


V,=5V 






5 


/uA 


llH 


"H" input current P5 4 ~P5 7 


V,=5V 






5 


/uA 


V,=12V 






12 


juA 


I.H 


"H" input current RESET, X| N , X C in 


V,=5V 






5 


luA 


I.H 


"H" input current P5 2 /INT 2 , PSs/INTt 


V,=5V 






5 


juA 


V,=12V 






12 


juA 


Load 


"L" output current 


P0 o ~P0 7 , P1o~P1 7 , P4 ~P4 7 , P5 , P5i 


V P =Vcc-36V, Vol=Vcc 


150 


500 


900 


MA , 


'leak 


P0 o ~P0 7 , P1o~P1 7 - P4 ~P4 7 , P5 , P5t 


Vp=V cc -38V, V L=Vcc-38V 






30 


juA 


Vram 


RAM retention voltage 


at clock stop 


2 




5.5 


V 


Ice 


Supply current 


Output pins open (output OFF) 
Vp=Vcc. Vp=V S s Input and I/O pins all at V S s 
X| N =4MHz (system operation) 




4 


8 


mA 


ditto (at comparator mode) 




5 


10 


mA 


ditto (at wait mode) 




1 




mA 


Xin — Xout stop 

XciN = 32kHz (at system operation) all other 

conditions same as above. 




60 


200 


/uA 


ditto (at wait mode) 




40 




juA 


Oscillation all stopped, 
(at STOP mode) 


T a =25°C 






1 


juA 






T a =70°C 






10 


MA 
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M50957-XXXSP/FP 
M50959-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



COMPARATOR CHARACTERISTICS (v cc =5v±io%, v cc =ov, T a =25c, f (XlN )=4MHz) 



Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


Resolution 


- 


- 


(1/16)V C c 


V 


Internal analog voltage error 


- 


- 


±(1/16)V CC 


V 


Analog input voltage 





- 


Vcc 


V 






C 3 



]%S- 



V cc 
X 'n RESET 
V P 

XoUT 

Input pin 



CNV S 



X 1 =4MHz ceramic oscillator 
X 2 =32. 768kHz quartz crystal 
C 1 = c 2 =30pF oscillator 

C 3 =10pF 
C 4 =30pF 

R 2 =iorvin 

R 3 =100kfl 
Output pins are open 



Fig. 28 Supply current test circuit 
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MITSUBISHI MICROCOMPUTERS 

M50957-XXXSP/FP 
M50959-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMING REQUIREMENTS 

Single-chip mode (v cc = 5v±io%, v ss = ov, T a = 25°c, t 



(X, N ) 



= 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


■ Unit 


Min. 


Typ. 


Max. 


tsU (P2D-sA) 


Port P2 input setup time 


270 






ns 


*SU (P3D-<4). 


Port P3 input setup time 


270 






ns 


tsU (P5D-9i) 


Port P5 2 /INT 2 , P5 3 /INTi input setup time 


270 






ns 


tsU (P5D-<4) 


Port P5 4 ~P5 7 input setup time 


270 






ns 


*SU (P6D-5*) 


Port P6 input setup time 


270 






ns 


th (<6-P2D) 


Port P2 input hold time 


20 






ns 


th (v6-P3D) 


Port P3 input hold time 


20 






ns 


th (?»-P5D) 


Port P5 2 /INT 2l P53/INT! input hold time 


20 






ns 


*h (?4-P5D) 


Port P5 4 ~P5 7 input hold time 


50 






ns 


tfl (<6-P6D) 


Port P6 input hold time 


20 






ns 


tc(x IN ). 


External clock input cycle time (X| N input) 


235 






ns 


tw(x 1N ) 


External clock input pulse width (X| N input) 


75 






ns 


tc(x c , N ) 


External clock input cycle time (X C in) 


2.0 






ms 


tw(x niN ) 


External clock input pulse width (X C in) 


1.0 






ms 


tr 


External clock rise time 






25 


ns 


tf 


External clock fall time 






25 


ns 



Memory expanding mode and eva-chip mode 

(Vcc = 5V±10%, V ss = OV, T a = 25°C, f (X|N ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-<6) 


Port P2 input setup time 


270 






ns 


th (?*-P2D) 


Port P2 input hold time 


20 






ns 



MlCrOprOCeSSOr mode (Vcc = 5V±10%, V ss = OV, T a = 25°C, 1 (X|N) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-0) 


Port P2 input setup time 


.270 






ns 


th ((«-P2D) 


Port P2 input hold time 


20 






ns 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



SWITCHIN 
Single-chi 


G CHARACTERISTICS 

3 mode (V CC = 5V±10%, V ss = 0V, T a = 25°C, f( X|N ) = 4MHz, unless otherwise noted) 








Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0-POQ) 


Port PO data output delay time 


Fig. 30 






230 


ns 


td(<6-P1Q) 


Port P1 data output delay time 






230- 


ns 


td(0-P2Q) 


Port P2 data output delay time 


Fig. 29 






230 


ns 


td(<*-P3Q) 


Port P3 data output delay time 






230 


ns 


td(0-P4Q) 


Port P4 data output delay time 


Fig. 30 






230 


ns 


td(0-P5a) 


Port P5 data output delay time 






230 


ns 


td((*-P6Q) 


Port P6 data output delay time 


Fig. 29 






230 


ns 



Memory expanding mode and eva-chip mode 

(Vcc = 5V±10%, V ss = OV, T a = 25°C, f ( 



= 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*-POA) 


Port P0 address output delay time 


Fig. 29 
Fig.30 






250 


ns 


td(tf-POAF) 


Port P0 address output delay time 






250 


ns 


td(tf-poa) 


Port P0 data output delay time 






200 


ns 


td(<*-POQF) 


Port P0 data output delay time 






200 


ns 


td(<*-PiA) 


Port P1 address output delay time 






250 


ns 


*d(^-P1AF) 


Port P1 address output delay time 






250 


ns 


tdC^-Pia) 


Port P1 data output delay time 






200 


ns 


td(«*-P1QF) 


Port P1 data output delay time 






200 


ns 


td(0-P2Q) 


Port P2 data output delay time 






300 


ns 


^d(?»-P2QF) 


Port P2 data output delay time 






300 


ns 


^d(v*-R/W) 


R/W signal output delay time 






250 


ns 


^d((*-R/WF) 


R/W signal output delay time 






250 


ns 


td(0-P3 O a) 


Port P3o data output delay time 






200 


ns 


td(<*-P3 aF) . 


Port P3 data output delay time 






200 


ns 


^d(0-SYNC) 


SYNC signal output delay time 






250 


ns 


td(«4-SYNCF) 


SYNC signal output delay time 






250 


ns 


tdc^ps^) 


Port P3i data output delay time 






200 


ns 


tdC^-PSiQF) 


Port P3i data output delay time 






200 


ns 



Microprocessor mode (v cc = 5v±io%, v ss = ov, T a = 25°c, 



= 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0-POA) 


Port P0 address output delay time 


Fig.29 
Fig.30 






250 


ns 


tdU-PiA) 


Port P1 address output delay time 






250 


ns 


td(0-P2Q) 


Port P2 data output delay time 






300 


ns 


td(?>-P2QF) 


Port P2 data output delay time 






300 


ns 


*d(0-R/W) 


R/W signal output delay time 






250 


ns 


td(<A-SYNC) 


SYNC signal output delay time 






250 


ns 





^Vcc 








k ikn 






P2 

P3 














P6 




noopF 






<t> 


7^r 






.L._ 








7? 


P luupr 











PO 
P1 
P4 
P5 


I 1 ° 

iioopF|ikn ■ 


1 

j100pF 







Fig.29 Port P2, P3, P6 test circuit 



Fig.30 Port PO, P1, P4, P5 test circuit 
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M50959-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMING DIAGRAMS 

In single-chip mode ^ 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P5 output 



Port P5 input 



Port P6 output 



Port P6 input 











V 


/ 








\ 


f ; 


-^ 


> 
>< 


— t(J (0-POQ) 








r 






— * 


*— t<j (0-P1Q) 








' 








> 


* — t(J (0-P2Q) 










: 














tsU (P2D-(«) 










' 


\ 


-» 


> 


* *d (*-P3Q) 




* — tfl (0-P2D) 




^ 










tsU (P3D-?S) 

/ 








f 


V 


— » 


> 
> 


« t(j (0-P4Q) 




* tp (0-P3D) 




^ 






__» 


*— td (0-P5Q) 








f 










*SU (P5D-0) 

/ 


^ . 






r 


\ 


— ^ 


> 


* td (<A-P6Q) 




' * tfl (0-P5D) 




^ 










tsU (P6D-^) 

/ 








r 


\ 












*~~ th (0-P6D) 
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In memory expanding mode and 
Eva-chip mode 



Port PO output 



Port PO input 



Port PI output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3, output (SYNC) 



y 



\ / 



*~td (^-PQA) 



X 



h — td (0-pia) 

xfz: 



x 



-t(j (0-P2Q) 



* td (0-R/W) 



X 



*~ td (0-SYNC) - * 



X 



-td ((*— POAF) ~^ 



XX 



p-td 



tsu (POD-0) 



X 



td U-P1AF) 

xxzz 



* — td U-P1Q) 



tsU (P1D- 



- td (0-P2QF) 



XX 



tsU (P2D-0) 



X 



"td ({S-R/WF) 



XX 



*— td C0-P3 O Q) 



td (0— SYNCF) 



XX 



" td (f*-P3,Q) 



"td (0-POQF) 



X 

X 



*— th (<6-P0D) 

td ((4-P1QF) 



x 



X 



* — th u-pid) 



x 



X 



*— td ((A-P3 QF) 



X 



td (0-P3TQF) 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



In microprocessor mode 



Port PO output 



Port PI output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3t output (SYNC) 



/ 



\ / 



X 



-t(j (^-POA) 



X 



-td (<A-P1A) 



x. 



Floating 



* — td (0-R/W) 



X 



* td (tf-SYNC) 



x 



X 



-td((4-P2Q) * 



tsU (P2D-<A) .—*■ 

/ 



X 



X 



* td (0-P2QF) 



x 



-th (0-P2D) 



x 



X 
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M50964-XXXSP/FP 
M50963-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M50964-XXXSP and the M50963-XXXSP are single- 
chip microcomputers designed with CMOS silicon gate 
technology. All are housed in a 64-pin shrink plastic 
molded DIP (flat package type also available). 
These single-chip microcomputers are useful for business 
equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50964-XXXSP and the 
M50963-XXXSP are noted below. The following explana- 
tions apply to the M50964-XXXSP. 

Specification variations for other chips are noted accor- 
dingly. 

The differences between the M50964-XXXSP and the 
M50964-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 



Type name 


ROM size 


M50964-XXXSP 


6144bytes 


M50963-XXXSP 


10240bytes 



DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size ROM 6144 bytes (M50964-XXXSP) 

10240 bytes (M50963-XXXSP) 
RAM 160 bytes 

• Instruction execution time 

2/iS (minimum instructions, at 4MHz frequency) 

• Single power supply f(X lN )=4MHz 5V±10% 

• Power dissipation 

normal operation mode (at 4MHz frequency) ••••15mW 

• Subroutine nesting 80 levels (Max.) 

• Interrupt 7 types, 5 vectors 

• 8-bit timer 4 

• Programmable I/O ports (Ports P0, P1, P2, P3, P4)---- 40 

• Input ports (Port P5) 8 

• Output ports (Port P6) 4 

• Serial I/O (8-bit) • 1 

• A-D converter 8-bit successive approximation 

• D-A converter 

• 8-bit PWM function 

• Watchdog timer 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN 


CONFIGURATION (TOP VIEW) 




v cc [T 


v^ 


13-P2o 




AV SS g 




1]**P2 1 




Reference ^ — * IT 
voltage input Vref Li 




I]— P2 2 




D-A output D-A—\J} 




6l]— P2 3 




PWM i— 
output port PWM *- |_5_ 




60]— P2 4 


I/O port P2 




P6 3 ^E 




m— P2 5 




Output 


P6 2 -E 




i]~p2 6 




port P6 


P6,/Q*-[T 

P6 /T*-[9 

P4 7 /AN 7 *+[]0 

P4 6 /AN 6 ^[tT 

P4 5 /AN 5 **D1 




m— P2 7 
m— po 

H^PO! 

54]~P0 2 

H—PO3 




I/O 


P4 4 /AN 4 «-[T3 


01 en 


52]^P0 4 


I/O port P0 


port P4 


P4 3 /AN3**[T4 


m— po 5 






P4 2 /AN 2 **[T5 





U — po 6 






P4 1 **[T6 


To* 


49]~P0 7 






P4o-0I 
P3 7 /S RDY **D1 
P3 6 /CLK^n9 


X £ 
X x 

CO CO 

-0 -0 


48]— P1 
47]**P1i 
U**_P1 2 




I/O 


P3 5 /S OU T**ll2 

P3 4 /S, N «- m 




H~P1 3 
44]— P1 4 


I/O port P1 


port P3 


P3 3 /CNTR — [22 

P3 2 /iNT^^Il 

P3! **[24 




U-PI5 
U— P1 6 

ID — pi 7 






P3 — H 




i£l— P5 




Interrupt input INTt — •> [26 




U — ps. 




CNVss HZ 




m— P5 2 




Reset input RESET-* [28 




I]— P5 3 


Input 


Clock input X, N -+ [29 




H — P5 4 /ED 4 


port P5 


Clock output Xout *~ H2 




U — P5 5 /lD 5 




Timing output 4>-*—W 




34] *- P5 6 /ED 6 




v ss m 




I] *- P5 7 /ED 7 




Oi 


Jtline 64P^ 


IB 






0-CLZQ.Q.Q.Q.Q.CLQ.rjLQ.a.Q.a.D.Q.Q.Q.ZQ. 




n nmiiutimn i 






[57|56|[55l|54l[i^[52|[5il[^ 




P2 5 «**[i 




io^ps. 


P2 4 ~rji 




m*-P5 2 


P2 3 — [60 


O 


E^P5 3 


P2 2 **[H 


1] «- P5 4 /ED 4 


P2, «-[62 




1— P5 5 /ED 5 


P2 — m 

NC GE 


M50964-XXXFP 
or 


ID — P5 6 /ED 6 
ID «- P5 7 /ED 7 


V ss H 


M50963-XXXFP 


11 V ss 


NC m 




ID-*^ 


Vcc HI 




11 "* Xout 


AV SS H 




U*-x, N - 


Vref-*- HI 




1] 4- RESET 


D-A — [I 


O O 


24] CNVss 


PWM<-[tT 




1] NC 


P6 3 «-[lI 




1] NC • 




[jj^l^JliJLilljyiiJlJLJl^ 






uimiiinmimit 






Q.1 S IDlOf n N *^>n"^C0O^i 


0.0.0.0.0.0. 222 c?" 
QL 


OutlJne 72P6 NC : No connection 
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M50964-XXXSP BLOCK DIAGRAM 



Clock 
Clock input output Timing output 

-(29) (30) C31J 




I/O port P3 



I/O port P2 



I/O port P1 



I/O port P0 



t/l 



O 

r 

m 
■ 

o 

z 



5 3 

2 o 

</> (7) 

x 

X 
X 

(0 

"0 

■n 



o 

7} 
O 

o 

o 
3 

"0 

c 

H 

m 



2 
<n 

o 

<0 
0) 

I 

X 
X 
X 

</) 

"0 



(0 

c 

s 

c7! 



o 

O 
O 

o 
2 
■o 

c 



■n m 

w 0) 



MITSUBISHI MICROCOMPUTERS 

M50964-XXXSP/FP 
M50963-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50964-XXXSP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2/iS (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory size 


ROM 


6144bytes 


RAM 


160bytes 


Input/Output ports 


.INtT 


Input 


1-bitX1 


PO, P1, P2, P3, P4 


I/O 


8-bitX5 (a part of P3 is common with serial I/O, timer I/O, and interrupt input) 


P5 


Input 


8-bitXl 


P6 


Output 


4-bitX1 (a part of P6 is in common with external trigger output pin) 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalerX3+8-bit timerX4 


A-D conversion 


8-bitX1 (6 channels) 


D-A conversion 


5-bitX1 


Pulse width modulator 


8-bitXl 


Watchdog timer 


15-bitXl 


Subroutine nesting 


80 levels (max) 


Interrupts 


Two external interrupts, Three internal timer interrupts 


Clock generating circuit 


Built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


at high-speed operation 


15mW (at 4MHz frequency) 


Input/Output characteristics 


•Input/Output voltage 


12V (Ports PO, P1, P3, P4, P5, P6, TntT) 


Output current 


5mA (Ports PO, P1, P2, P3, P4) - 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50964-XXXSP/M50963-XXXSP 


64-pin shrink plastic molded DIP 


M50964-XXXFP/M50963-XXXFP 


72-pin plastic molded QFP 
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M50963-XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


v cc 

V ss 


Supply voltage 




Power supply inputs 5V± 10% to Vcc. and OV to V S s- 


CNVss 


CNVss 




This is usually connected to Vss. 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2jus (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X ut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 


<f> 


Timing output 


Output 


This is the timing output pin. 


Tnt7 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


AV SS 


Voltage input for A-D 
and A-D 




This is GND input pin for the A-D and D-A converters. 


Vref 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D and D-A converters. 


D-A 


D-A output 


Output 


This is output pin from the D-A converter. 


PWM 


PWM output 


Output 


This is output pin from the pulse width modulator. 
The output structure is N-channel open drain. 


P0 ~P0 7 


I/O port PO 


I/O ' 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P1 ~P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. • 
The output structure is N-channel open drain. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
CMOS output. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P37, 

P3 6 , P3 5 , and P3 4 work as S RD y. CLK, S ut. and S| N pins, respectively. 

Also P33 and P32 work as CNTR pin and the lowest interrupt input pin (INT2) , respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. P42~P4 7 work as analog input 
portAN 2 ~AN 7 . 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. P5 4 ~P57 can be used as the edge sense inputs. 


P6 ~P6 3 


Output port P6 


Output 


Port P6 is an 4-bit Output port. At external trigger output mode, P6 and P6T are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively. 
The output structure is N-channel open drain. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M50964-XXXSP is shown in Figure 
1. Addresses E800 16 to FFFF 16 are assigned to the built-in 
ROM area which consists of 6144 bytes (Address D800 16 to 
FFFF 16 are assigned for the built-in ROM area which con- 
sists of 10240 bytes for M50963-XXXSP). 
Addresses FF00 16 to FFFF 16 are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addresses FFF4 16 to 



FFFF 16 are vector addresses used for the reset and inter- 
rupts (see interrupt chapter). Addresses 0000 16 to 00FF 16 
are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer,, 
etc., are assigned to this area. 

Addresses 0000 16 to 009F 16 are assigned to the built-in 
RAM and consist of 160 bytes of static RAM. In addition to 
data storage, this RAM is used for the stack during sub- 
routine calls and interrupts. 



Zero page 



RAM 
(160 bytes) 



ROM 

(10240 

bytes) < 

for 

M50963 

XXXSP 



ROM 
(6144 bytes) 



0000 1( 



009F 16 



00E0 16 



00FF„ 



D800 ie 



E800 1£ 



Special 

page 

for 

subroutine 

call 



FF00 1£ 



FFFF 1£ 





Not used 




Not used 






Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 



Decimal 





159 



255 



INT 2 

S I/O or timer 2 

Timer 1 

Timer X 

INT^ 



65535 



RESET 



00E0 
00E1 
00E2 
00E3. 
00E4. 
00E5 
00E6 
00E7 
00E8 
00E9 
00EA 
00EB 
00EC 
00ED 
00EE 
00EF 
00F0 
00F1 
0.0F2- 
00F3 
00 F4 
00F5- 
00F6- 
00F7 
00F8 
00F9 
00 FA 
00FB 
00 FC 
00FD 
00FE 
. 00FF 



Port P0 



Port P0 



directional 
register 



Port P1 



directional 
register 



Port P2 



directional 
register 



Port P3 



Port P3 



directional 
register 



Port P4 



Port P4 



directional 
register 



Port P5 latch 



Port P6 



Special function 



register 



D-A conversion register 



Pulse width modulation register 



Successive approximation register 



A-D control register 



Watchdog timer 



Serial I/O mode register 



Serial I/O register 



Timer 3 prescaler 



Timer 3 



Timer 1,2 prescaler 



Timer 1 



Timer 2 



Timer X prescaler 



Timer X 



Interrupt control register 



Timer control register 



Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



7 . ' 


A 


7 


X 


7 


Y 


7 


S 



15 


7 


PC H 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

■ Carry flag 

• Zero flag 

• Interrupt disable flag 

■ Decimal mode flag 

■ Break flag 

■ Index X mode flag 

• Overflow flag 

■ Negative flag 



Fig.2 Register structure 
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STACK POINTER (S) 

The stack pointer (S) is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
The location of the stack can be determined by the stack 
page bit (bit 4 at address 00FF 16 ). When bit 4 is "0" and 
the contents of the stack pointer is XX 16 , the stack address 
is set to 00XX 16 . When bit 4 is "1", the stack address is set 
to 01XX 16 . When using this microcomputer in the single- 
chip mode, the stack page bit must be "0" and the stack 
pointer should be set at the bottom address of the internal 
RAM. 

When an interrupt occurs, the higher 8 bits of the program 
counter are pushed into the stack first, and then the lower 8 
bits of the program counter are pushed into the stack. After 
each byte is pushed into the stack, the stack pointer is de- 
cremented by one. Next, the contents of the processor sta- 
tus register are pushed into the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
are processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed into the stack automati- 
cally. A Push Accumulator instruction (PHA) is provided to 
execute this function. Restoring the Accumulator to its pre- 
vious value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in reverse order of the PHA 
instruction. 

The contents of the Processor Status Register (PS) are 
pushed (pulled) to (from) the stack with the PHP and PLP 
instructions, respectively. Only the program counter is 
pushed into the stack during a subroutine call. Therefore, 
any registers that should not be destroyed should be 
pushed into the stack manually. The RTS instruction is 
used to return from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. - 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 



1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 
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7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 



Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


FFFF 16) FFFE 16 


INT, 


2 


FFFD 16 , FFFC 16 


Timer X 


3 


FFFB 16> FFFA 16 


Timer 1 


4 


FFF9 16) FFF8 16 


Timer 2 or serial I/O 


5 


FFF7 16l FFF6 16 


Tnt^(brk) 


6 


FFF5 16 , FFF4 16 



INTERRUPT 

The M50964-XXXSP can be interrupted from seven 
sources; INT^ timer X, timer 1, timer 2/serial I/O, or INT 2 / 
BRK instruction. 

However, the INT 2 pin is used with port P3 2 and the corres- 
ponding directional register bit should be set to "0" when 
P3 2 is used as an interrupt input pin. 
The value of bit 2 of the serial I/O mode register (address 
00F6 16 ) determine whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is "0" the interrupt is from timer 
2, and when bit 2 is "1" the interrupt is from serial I/O. Also, 
when the bit 2 is "1", parts of port P3 are used for serial I/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, (as discussed in 
the stack pointer section) the interrupt disable flag I is set,, 
the program jumps to the address specified by the interrupt 
vector, and the interrupt request bit is cleared automatical- 
ly. The reset interrupt is the highest priority interrupt and 
can never be inhibited. Except for the reset interrupt, all in- 
terrupt are inhibited when the interrupt disable flag I is set 
to "1". All of the other interrupts can further be controlled 
individually via the interrupt control register shown in Figure 



kSJ 



rO 



rO 
O 



Interrupt control register (Address 00FE 16 ) 

Bit 7 : INT, pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5 : Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial I/O interrupt request bit 

Bit 2 : Timer 2 interrupt or serial I/O interrupt enable bit 

Bit 1 '. INT 2 pin interrupt request bit 

Bit : INT 2 pin interrupt enable bit 



Interrupt 
request 



[<f 



' — InterruDt disable flaa 



7 



Interrupt disable flag. I 



Timer control register (Address 00FF 16 ) 

Bit 7 '. Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
Bit 5 : Timer X count stop bit 
Bit 4 '.Stack page bit 
Bit 3 : 
Bit 2 : 
Bit 1 : 
BitO : 



Timer X mode bit 



Processor mode bit 



Fig.3 Interrupt control 
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3. An interrupt is accepted when the interrupt enable bit 
and the interrupt request bit are both "1" and the interrupt 
disable flag is "0". 

The interrupt request bits are set when the following condi- 
tions occur: 

(1 ) When the INT^ or Jnt^ pins go from "H" to "L" 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial I/O counter) go to "0" 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT 2 generated the interrupt. 

TIMER 

The M50964-XXXSP has three timers; timer X, timer 1, tim- 
er 2 and timer 3. Since P3 (in serial I/O mode) and timer 2 
use some of the same architecture, they cannot be used at 
the same time (see serial I/O section). Timer X has four 
modes which can be selected by bit 2 and 3 of the timer 
control register. When the timer X count stop bit (bit 5) is 
set to "1", the timer X will stop regardless of which mode it 
is in. A block diagram of timer X, timer 1, timer 2 and timer 
3 is shown in Figure 4. 

The P3 3 /CNTR pin cannot be used as CNTR when P3 3 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE 16 and 
00FFi 6l respectively (see Interrupt section). The prescaler 
latch and timer latch can be loaded with any number. 
The four modes of timer X as follows: 

(1 ) Timer mode [00] 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01] 

In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 



whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 
(4) Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches "0",the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF 16 and 01 16 , 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 
00EF 16 ). When the timer down-counts to zero, the over- 
flow bit is set to "1" and the contents of the timer's 
latch is reloaded into the timer. 
The reset of the overflow bit is made by; 

a) hard ware reset 

b) write "0" to overflow bit 

c) write instruction to timer 3 

The structure of special function selection register is 
shown in Figure 6. 
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Oscillator Divider 

.. Id — 11/16 



P3 3 /CNTR 

o— 



Pulse width measurement 
mode 



When STP instructions are 
executed, this circuit is 
connected 
coercively. 



n. 



Prescaler latch (8) 



l^ 



Event counter mode 




Timer X latch (8) 1 



i£ 



Pulse output mode 



Prescaler (8) | 1 Timer X (8) | — y-^- to timer x interru P t request bit 

FF 16 | 01 16 j/ ^Y 



^ 



_ Timer X count stop bit 
(Bit 5 at address 00FF r 



Toggle flip-flop 



Reset, or 
STP 
instruction 



12 



Data bus 



iPrescaler latch (8) 



12. 



T> 



12. 



Timer3latch(8) 



Prescaler (8) 



1Z. 



Timer 3 (8) 



Timer 3 overflow bit 
(Bit 3 at address 00EF 16 ) 



Data bus 



12. 



Prescaler latch (8) 



A 



12. 



12. 



Timer! latch (8) 



Prescaler (8) 



l£ 



Timer 2 latch (8) 



to timer 1 
Timer 1 (8) ^ interrupt 

request f 



Timer 2 (8) 



P3 6 /CLK 

a 



q 




1/2 



- Transfer clock 



Serial I/O counter (3) 



o 




Serial I/O mode register (Address 00F5 16 ) 



to timer 2 or 
serial I/O 
interrupt 
request bit 



Fig.4 Block diagram of timer X, timer 1 , timer 2, and timer 3 
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Timer control register (Address 00FF 16 

— Processor mode bit 

00 : Single-chip mode 

01 : Memory expanding mode 

10 '. Microprocessor mode 

11 '. Eva-chip mode 



Timer X mode bit 

00 I Timer mode 

01 : Pulse output mode 

10 : Event counter mode 

11 : Pulse width measurement mode 
Stack page bit 

: page 

1 : 1 page 
Timer X count stop bit 

: Count start 

1 ". Count stop 

Timer X interrupt enable bit 

'. Interrupt disable 

1 '. Interrupt enable 

Timer X interrupt request bit 

: No interrupt request 

1 : With interrupt request 



WM. 



I 



TTA Special function selection register 



(Address 00EF 16 ) 



Timing output control bit 

'. Timing 4> output 

1 ." "L" level output 

■ External trigger mode selection bit (P6 , P6J 

'. Normal output port 

1 '. External trigger I/O port 

■ Timer 3 overflow bit 

1 '. Timer 3 overflow 



• Polarity of edge sence input selection bit 

: Detected by falling-edge 

1 '. Detected by raising-edge 



Fig.6 Structure of special function selection register 



Fig.5 Structure of timer control register 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 7. 
In the serial I/O mode the receive ready signal (S RDY ), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout. S| N ) are used as P3 7 , P3 6 , P3 5l and P3 4 , respectively. 
The serial I/O mode register (address 00F5 16 ) is a 5-bit 
register. Bits 1 and of this register is used to select a 
synchronous clock source. 

When these bits are [00] or [01] , an external clock from 
P3 6 is selected. When these bits are [10], the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 



transfer speed. When the bits are [11] , the oscillator fre- 
quency divided by 16, becomes the clock. 
Bit 2 to 4 decide whether parts of P3 will be used as a se- 
rial I/O or not. When bit 3 is "0" and bit 2 is "1", P3 6 be- 
comes an I/O pin of the synchronous clock. When an inter- 
nal synchronous clock is selected, the clock is output from 
P3 6 . If an external synchronous clock is selected, the clock 
is input to P3 6 and P3 5 will be a serial output and P3 4 will 
be a serial input. To use P3 4 as a serial input, set the direc- 
tional register bit which corresponds to P3 4 to "0". For more 
information on the directional register, refer to the I/O pin 
section. 



Oscillator Divider 



X, N 0- f (x IN 



1/16 



P3 7 Q <\ 



P3 6 



P3 5 (> 



Squt 



P3 4 



S, N 



tffl 



< 



Q 



t, 



from timer 1, 2 
prescaler 

Divider 



Timer 2 (8) 



(Address 00FB 16 ) 




1/2 



Serial I/O counter 



Transfer clock 



u) 



> MSB Serial I/O register (8) LSB 

(Address 00F6 16 )l"> 
/ Data bus f 



5 




to timer 2 or 
serial I/O interrupt 
request bit 



Serial I/O mode register (Address 00F5 16 ) 



External clock 



Synchronous clock selection bit 

00 : 

01 : 

10 : Timer 2 overflow signal divided by 2 

11 : Oscillation frequency divided by 16 

Serial I/O port selection bit (P3 5l P3 6 ) 

00 : Normal I/O port 

01 : Serial I/O port 

io:| 
11 :| 
Srdy signal output selection bit (P3 7 ) 

: Normal I/O port 

1 : S RDY signal output pin 



Not used 



Fig.7 Block diagram of serial I/O 
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To use the serial I/O, bit 3 and bit 2 need to be set to "01", 
if they are "00" P3 6 will function as a normal I/O. Interrupts 
will be generated from the serial I/O counter instead of 
timer 2. Bit 4 determines if P3 7 is used as an output pin for 
the receive data ready signal (bit 4 = 1, S RDY ) or used as 
normal I/O pin (bit 4=0). The serial I/O function is discus- 
sed below. The function of the serial I/O differs depending 
on the clock source; external clock or internal clock. 
Internal clock— The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7 16 ) . After the falling edge of the write 
signal, the S RDY signal becomes low signaling that the 
M50964-XXXSP is ready to receive the external serial data. 
The S RDY signal goes "H" at the next falling edge of the 
transfer clock. The serial I/O counter is set to 7 when data 
is stored in the serial I/O register. At each falling edge of 



the transfer clock, serial data is output to P3 5 . During the 
rising edge of this clock, data can be input from P3 4 and 
the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External clock — If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 8. An example of communication between 
two M50964-XXXSPs is shown in Figure 9. 



Synchronous clock 
Transfer clock 



Serial I/O register 
write signal 

Serial I/O output 
Sout 

Serial I/O input 

Sin 

Receivable signal 

Srdy 



TJTJi_rLrLrL_ruT_r 



R 



j^j^D&y^xExin^n^ 



TITJCJCJCJZJZXI 



~u 



Interrupt request bit set 



Flg.8 Serial I/O timing 





Sending side 




Srdy 




Receiving side 






Serial I/O mode register 


P3 7 

P3 6 
P3 5 


P3 7 

P3 6 
P3 4 


Serial I/O mode register 






bit 4 bitC 
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Fig.9 Example of serial I/O connection 
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A-D CONVERTER 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of ±3LSB. A block 
diagram of the A-D convertor is shown in Figure 10. Con- 
version is automatic once it is started with the program. 
The six analog inputs are used in common with pins P4 7 , 
P4 6 , P4 5 , P4 4) P4 3) and P4 2 of port 4. Bits 1 and of the A-D 
control register (address 00F3 16 ) are used to select which 
pins are used for A-D conversion. The input condition is 
accomplished by setting to "0" the bit in the directional 
register that corresponds to the pin where A-D conversion 
is to take place. Bit 4 of the A-D control register is the A-D 
conversion end bit. During A-D conversion, this bit is "0", 
and upon completion becomes "1". Thus, it can be ascer- 
tained whether or not A-D conversion has been completed 
or not by inspecting this bit. The relation between the con- 
tents of the A-D control register and the selection of input 
pins are shown in Figure 11. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00F2 16 which stores the results of the conversion. The proc- 
edure for executing A-D conversion is next explained. First- 
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 1 and bit of the A-D control regis- 
ter. Next, the successive approximation is written to upon 
which the A-D conversion starts. Since actual data is not 
written to the successive approximation, any type of may be 



written. Simultaneous with its being written, the A-D con- 
version end bit (bit 4 of address 00F3 16 ) is cleared to "0" 
signifying that A-D conversion operations are being con- 
ducted. A-D conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to "1" and the 
results of the conversion can be found in the successive 
approximation register. Since the comparator consists of 
the capacitive coupled configuration, f(X, N ) is needed lar- 
ger than 1MHz during A-D conversion. 



m 



A-D control register (Address 00F3 16 ) 



■ Analog input selection bit 
1 : P4 2 /AN 2 

11: P4 3 /AN 3 
10 0: P4 4 /AN 4 
10 1: P4 5 /AN 5 

1 1 : P 4 6 /AN 6 
1 1 1 : P 4 7 /AN 7 



■ A-D conversion end bit 

: A-D conversion in progress 

1 : A-D conversion completed 



Fig. 11 Structure of A-D control register 
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Fig. 10 Block diagram of A-D converter 
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D-A CONVERTER output voltage V and the contents (n) of the D-A conversion 

The R-2R method is used for D-A conversion. The block di- register is V=V REF X n/32(n=0~31 ). 

agram is shown in Figure 12. An analog voltage is output Reset operation clears the content n of the D-A conversion 

that corresponds to the contents of the D-A conversion reg- register to0 16 . 

ister (address 00F0 16 ) . Ideally, the relation of the analog 



AV Si 







X 1 



R-2R ladder 



a n A n . it 



^M 



7T 



<2: 



-^O D-A 



D-A conversion register (Address 00F0 16 ) 



Fig. 12 Block diagram of D-A converter 
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PULSE WIDTH MODULATOR 

The pulse width modulation register (address 00F1 16 ) is 
configured of an 8-bit counter. The period of repetition is 
4080 clock cycles. With the content of the pulse width mod- 
ulation register rp, the PWM pin becomes high-level for the 



period of 4080 X m/255 (m=0~255). Figure 13 shows that 
relationship. An N-channel open drain output is used for the 
PWM pin. 

Reset sets the content m of the pulse width modulation 
register to 00 16 . 



12 3 



-One period of 4080 clock cycles- 



253 254 1 2 3 4 



f(X IN )/16 



fuuuuuuuuui niuifuinnnniiii 



m= "L" 



m= 1 



m=2 



m= 3 



n. 



I~L 



,_R 



_._r 



m=254 



m=255 " H " 



U 



Fig. 13 Relation between m and PWM output 
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WATCHDOG TIMER 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F4 16 ) is a 15-bit counter. 
The watchdog timer counts 1/1 6th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF-| 6 when a 
reset is accomplished a write operation has been made to 
it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes "0" and reset is carried out. When 
reset is carried out, the watchdog timer is set to7FFF 16 and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming "0" . Application of a 
+ 10V to the RESET pin will disable the watchdog timer 
function. 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 



RESET CIRCUIT 

The M50964-XXXSP is reset according to the sequence 
shown in Figure 14. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2jus while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 15. 
An example of the reset circuit is shown in Figure 16. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X| N -X OU t becomes stable. 



,(x " } Jill IT— 



RESET 

SYNC 
Address 

Data 



jLinniuuir 




8 — 1 2 clock cycles 



Reset address from the 
vector table 



Note 1 : Frequency relation of f(X, N ) and $ is f(X, N ) =4* </>. 

2 : The mark " ? " means that the address is changeable 
depending on the previous state. 



Fig. 14 Timing diagram at reset 
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(1 ) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P3 directional register 

(5) Port P4 directional register 

(6) Port P6 

(7) Special function selection 
register 

(8) D-A conversion register 

(9) Pulse width modulation 
register 

(10) Watchdog timer 

(11) Serial I/O mode register 

(12) PrescalerX 

(13) Timer X 

(14) Interrupt control register 

(15) Timer control register 

(16) Interrupt disable flag on 
processor status register 

(17) Program counter 



E3 16 .) 

E5 16 ) 

E9 16 ) 

EB,i ) 

EE 16 ) 

EF 16 ) 

F0 16 ) 
Flie) 

F4 16 ) 

F5 16 ) 

FC 16 ) 

FD 16 ) 

FE 16 ; ) 

F'F 16 ) 

PS ) 

PC H ) 

PC L ) 

Note 1 : Port P6 is the high-imped 
After return from reset, it 
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E 1 • 



16 



oo 16 



oo 16 



oo 16 



16 



FF 16 



MXMo|o|oM 







oo 16 



7FFF 16 







FF 16 



1 16 



16 



16 






Contents of address 
FFFF 16 



Contents of address 
FFFE 1E 



ance state during reset. 
"FFib". 



M50964-XXXSP 


RESET V C c 


28 1 
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J- w\ 





^ 



ov- 



7^ 



ov- 



-4.5V 



"0,6V 



M50964-XXXSP 



RESET 



28 




Supply voltage 
detection circuit 



Fig. 16 Example of reset circuit 



Fig. 15 Internal state of microcomputer at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with N-channel open drain 
output. 

As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address 00E0 16 . 
Port PO has a directional register (address 00E1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00FF-| 6 ), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 
as PO, but it has CMOS output. In the other modes, 
P1's functions are slightly different from PO's. For more 
details, see the processor mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 
For more details, see the processor mode information. 

(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O, INT 2 and I/O pins for timer X. For more details, 
see the processor mode information. 

(5) Port P4 

Port P4 has the same function as port PO in the single- 
chip mode. But P4 7 through P4 2 can also be used as 
analog input pins AN 7 through AN 2 . 

(6) Port P5 

Port P5 is an input port. P5 4 through P5 7 can also be 
used as edge sence inputs. In such a case, reading is 
begun from 00ED 16 . 00ED 16 is provided with a latch 
which is set to "1" when the input changes from high- 
level to low-level. 

And for P5 7 , polarity of input edge can be selected by 
polarity of edge sense input selection bit (bit 7 of 
address 00EF 16 ). 



When this bit is set to "0", its latch is set to "1" at the 
input level goes to "L" from "H". When this bit is set to 
"1", its latch is set to "1" at the input level goes to "H" 
from "L". At the reset state, this bit is set to "0". 
When content of polarity of edge sense input selection 
bit was set by program, the latch (bit 7 of address 
00ED 16 ) must be reset once. 

The input pulse width must be at least 7 clock cycles 
wide. The latch is reset by using such instructions as 
LDM and CLB to write a "0" to the latch. When 00ED 16 
is read, the lower order 4 bits are always zero. 
When port P5 is used as level sense input, read the 
contents of the address 00EC 16 . 

(7) Port P6 

Port P6 is a 4-bit output port. It has N-channel open 
drain output. P6 and P6-i can be used as external trig- 
ger I/O pins, when external trigger mode selection bit 
(bit 2 of address 00EF 16 ) is set to "1". In this case, P6 
and P6! are trigger clock input pin and trigger output 
pin, respectively. Using external trigger mode, P6 's 
latch must be set to "1" in order to off the output tran- 
sistor. In external trigger mode, the content of PO^s 
latch is output to pin when the rising or falling edge is 
input to P6 pin. 

When external trigger mode selection bit is set to "0", 
P6 and PQ^ are normal output ports. At the reset state, 
this bit is set to "0". 
See Figure 17 for more details. 

(8) Clock </> output pin 

In normal conditions, the oscillator frequency divided 
by four is output as <f>. The timing output 4> is fixed "L" 
state when the timing output control bit (bit 1 of 
address 00EF 16 ) is set to "1". But in this case, except 
the timing output is active. The timing output is output 
again when the timing output control bit is set to "0". At 
reset state this bit is set to "0". 

(9) INT^pin 

The INT-i pin is an interrupt input pin. The IN^ inter- 
rupt request bit (bit. 7 at address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(10) iNT2"pin(P32/INT2" pin) 

The INT 2 pin is an interrupt input pin used with P3 2 . To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input ("0"). When this 
signal level changes from "H" to "L", the interrupt re- 
quest bit (bit 1 at address 00FE 16 ) is set to "1". 

(11) CNTR pin(P3 3 /CNTR pin) 

The P3 3 /CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input ("0"). In the event coun- 
ter mode, CNTR becomes the input pin of the external 
pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
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Ports PO, P1 , P3, P4 
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>>n 



N-channel open drain output 



^>ji 



< 



Ports PO, P1, P3, P4 



Note 1 : Port P3 can be also used as I/O pin of serial I/O, timer I/O, and interrupt input. 
Port P4 can be also used as analog input. 
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Fig. 17 Block diagram of ports P0~P6 (single-chip mode), and output format of (f>: 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00FF 16 ) , four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports P0~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 
Figure 19 shows the functions of ports P0~P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 18. 
By connecting CNV SS to V ss , all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 
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Note 1 : D800 16 for M50963-XXXSP 
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Fig. 18 External memory area in processor mode 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0~P3 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memory ex- 
panding mode when CNV SS is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and the original I/O pin function is lost. P2 
becomes the data bus (D 7 ~D ) and loses its normal I/ 
O functions. Pins P3i and P3 output the SYNC and R/ 
W control signals, respectively. 

(3) Microprocessor mode [10] 

After connecting CNV SS to V cc and initiating a reset, 
the microcomputer will automatically default to this 
mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 
this mode, this mode is the same as the memory ex- 
panding mode. 

(4) Eva-chip mode [11] 

When 10V is supplied to CNV S s pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port P0 is output 
when 4> goes to "H" state. When 4> goes to the "L" 
state, P0 retains its original I/O functions. 
Port P1's higher 8 bits of address data are output when 
(f> goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original I/O functions while is at the "H" state, and 
works as a data bus of D 7 ~D (including instruction 
code) while at the "L" state. Pins PZ^ and P3 output 
the SYNC and R/W control signals, respectively while 
</> is in the "H" state. When in the "L" state, P3! and P3 
retain their original I/O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNV S s and 
the processor mode is shown in Table 2. 
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Fig.19 Processor mode and functions of ports PO— P3 

Table 2 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


V SS 


• Single-chip mode 

• Memory expanding mode 

• Eva-chip mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Eva-chip mode 

• Microprocessor mode 


The microprocessor mode is set by the reset. 

Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V 


• Eva-chip mode 


Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
22. 

When the STP instruction is executed, the oscillation of in- 
ternal clock is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF 16 and 
01 16 , respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock keeps its "H" level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock <t> 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 20. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of externalclock usage is shown in Figure 21. 
X| N is the input, and Xqut is open. 




Fig.20 External ceramic resonator circuit 
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Fig.21 External clock input circuit 
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Fig.22 Block diagram of the clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+D. 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou- 
pled configuration, f (X, N ) is needed larger than 1MHz 
during A-D conversion. And during A-D conversion, 
don't use STP or WIT instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data--- EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• STP instruction option 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


-0.3—7 


V 


v, 


Input voltage X| N 


-0.3—7 


V 


v, 


Input voltage P2 ~P2 7l P4 2 ~P4 7 


-0. 3~Vcc+0. 3 


V 


V, 


Input voltage P0 ~P0 7 , P1 ~P1 7 , P3 ~P3 7 
P4 , P4 1p P5 ~P5 7 , Tnt7 


—0.3—13 


V 


V| 


Input voltage CNV SSl RESET 


-0.3—13 


V 


Vo 


Output voltage P2 ~P2 7 , P4 2 ~P4 7 , X 0U t. 4>, D-A 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P17. P3 ~P3 7 
P4 , P4 1t P6 ~P6 3 , PWM 


-0.3—13 


V 


Pd 


Power dissipation 


T a =25°C 


1000(Note1 ) 


mW 


Topr 


Operating temperature 




-10—70 


°C 


T stg 


Storage temperature 




-40—125 


°C 



Note 1 : 300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Nom. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V REF 


Reference voltage- 


4 




Vcc 


V 


V, H 


"H" input voltage P0 ~P0 7> P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
INT,, RESET, X| N , CNV SS , P6 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7l P4 ~P4 7> P5 ~P5 7 
INT^, CNVss, P6 







0. 2V CC 


V 


V, L 


"L" input voltage RESET 







0. 12V CC 


V 


V, L 


"L" input voltage X| N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7 (Note3)- 






10 


mA 


'oL(peak) 


"L" peak output current P6o~P63 (Note 3 ) 






15 


mA 


'oL(peak) 


"L" peak output current PWM (Note 3 ) 






5 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1 ~P17 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7 , (Note 2) 






5 


mA 


loL(avg) 


,"L" average output current P6o~P63 (Note 2 ) 






7 


mA 


loL(avg) 


"L" average output current PWM (Note 2 ) 






2.5 


mA 


'oH(peak) 


"H" peak output current P2 ~P2 7 (Note 3 ) 






-10 


mA 


loH(avg) 


"H" average output current P2 ~P2 7 (Note 2 ) 






-5 


mA 


f(x IN ) 


Internal clock oscillating frequency 






4 


MHz 



Note 2 : Average output current louavg) and 'oH(avg) are this average value of a period of 100ms. 

3 : Total of "L" output current l OL . of ports P0, P1, P2, P3, P4, P6, and PWM is 80mA max. 

Total of "H" output current I h. of port P2 is 50mA max. 

4 : "H" input voltage of ports P0, P1, P3, P4 ~P4 3l P5, and INTt is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (v o=5v, 


Vss=0V,T a =25 o C,f( X|N 


)=4MHz, unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage P2 ~P2 7 


l O H=-10mA 


3 






V 


Voh 


"H" output voltage $ 


loH=-2.5mA 


3 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1o~Pl7, P2 ~P2 7 
P3 ~P3 7l P4o~P4 7l P6 ~P6 3 


l OL =10mA 






2 


V 


Vol 


"L" output voltage </>, PWM 


l L = 5mA 






2 


V 


Vt+-Vt-, 


Hysteresis M% 




0.3 




1 


V 


V t +-V t - 


Hysteresis P36 


When used as CLK input 


0.3 


0.8 




V 


V T +-V T - 


Hysteresis P32 


When used as INT2 input 


0.3 




1 


V 


V T +-V T - 


Hysteresis P33 


When used as CNTR input 


0.5 


1 




V 


V t +-V t - 


Hysteresis P6 


When used as T input 


0.5 


1 




V 


V T +-V T _ 


Hysteresis RESET 






0.5 


0.7 


y 


V t +-V t - 


Hysteresis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P0 ~P0 7> P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7l P5 ~P5 7 
P6 ~P6 3 , PWM 


V,=0V 






-5 


juA 


I.L 


"L" input current INT,, RESET, X, N 


V,=0V 






-5 


juA 


Iih 


"H" input current P0 ~P0 7 , P1 ~P1 7 . P3 ~P3 7 
P4 ~P4 3 , P5 ~P5 7 , P6 ~P6 3 
PWM 


V,=12V 






12 


M A 


I.H 


"H" input current INT,, RESET, X, N , P2 ~P2 7 
P4 4 ~P4 7 


V,=5V 






5 


VA 


Vram 


RAM retention voltage 


At clock stop 


2 






V 


Ice 


Supply current 


i>, Xout. and D-A pins 
opened, other pins at 
V S s> and A-D converter 
in the finished condi- 
tion. 


f(x IN )=4MHz 
Square wave 




3 


6 


m'A 


At clock stop 
T a =25°C 






1 


MA 


At clock stop 
T a =75°C 






10 



A-D CONVERTER CHARACTERISTICS (V CC =5V, v ss =AV ss =0V, T a =25°C, f (XlN) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 


V REF =Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref-Vcc 






±3 


<LSB 


Rladder 


Ladder resistance value 


Vref = Vcc 


2 




10 


kO 


tcONV 


Conversion time 








50 


us 


v REF 


Reference input voltage 




2 




Vcc 


V 


V,a 


Analog input voltage 









V REF 


V 



D-A CONVERTER CHARACTERISTICS (V CC =5V, V ss =AV ss =0V, T a =25°C, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 


Vref = Vcc 






5 


Bits 


— 


Error in full scale range 


Vref=V C c 






±1 


% 


tsu 


Setup time 


Vref=V C c 






3 


JUS 


Ro 


Output resistance 


Vref = Vcc 






3 


kn 


Vref 


Reference voltage 




4 




Vcc 


V 
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TIMING REQUIREMENTS 

Single-Chip mode (V O c=5V±10%, V ss =0V, T a =25'C, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(POD— 0) 


Port PO input setup time 


270 






ns 


tsU(P1D— <f>) 


Port P1 input setup time 


270 






ns 


tsu(P2D— 0) 


Port P2 input setup time 


270 






ns 


*SU(P3D— <6) 


Port P3 input setup time 


270 






ns 


*SU(P4D— <t>) 


Port P4 input setup time 


270 






ns 


*SU(P5D— <f>) 


Port P5 input setup time 


270 






ns 


*h(v* — POD) 


Port PO input hold time 


20 






ns 


th(<*— pid) 


Port P1 input hold time 


20 






ns 


th(<*— P2D) 


Port P2 input hold time 


20 






ns 


th(<*-P3D) 


Port P3 input hold time 


20 






ns 


th(0— P4D) 


Port P4 input hold time 


20 


- 




ns 


th(<*-P5D) 


Port P5 input hold time 


20 






ns 


tc 


External clock input cycle time 


250 






ns 


t w 


External clock input pulse width 


75 






ns 


V 


External clock rising edge time 






25 


ns 


tf 


External clock falling edge time 






25 


ns 



Eva-Chip mode (V CC =5V±10%, V ss =0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsiKPOD— 0) 


Port P0 input setup time 


270 






ns 


tsU(P1D— <t>) 


Port P1 input setup time 


270 






ns 


tsil(P2D— <t>) 


Port P2 input setup time 


270 






ns 


*h(0— POD) 


Port P0 input hold time 


20 






ns 


*h(0— pid) 


Port P1 input hold time 


20 






ns 


th(<*— P2D) 


Port P2 input hold time 


20 






ns 


Memory expanding mode and microprocessor mode 

(V CC =5V±10%, Vss=0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsil(P2D— 0) 


Port P2 input setup time 


270 






ns 


th(0— P2D) 


Port P2 input hold time 


30 






ns 



MITSUBISHI 
. ELECTRIC 



2-497 



MITSUBISHI MICROCOMPUTERS 

M50964-XXXSP/FP 
M50963-XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 



SWITCHING CHARACTERISTICS 

Single-Chip mode (V C c=5V±10%, V ss =0V, T a =25*C, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(<t— POQ) 


Port PO data output delay time 


Fig.23 






230 


ns 


td(<*— piq) 


Port P1 data output delay time 






230 


ns . 


td(<*— P2Q) 


Port P2 data output delay time 


Fig.24 






230 


ns 


td(0— P3Q) 


Port P3 data output delay time 


Fig.23 






230 


ns 


^d(<*— P4Q) 


Port P4 data output delay time 






230 


ns 


^d(<*— P6Q) 


Port P6 data output delay time 






230 


ns 



Eva-chip 


mode (V CC =5V±10%, V ss =0V, T a =25°C, f( X|N )=4MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(s*— POA) 


Port PO address output delay time 


Fig.23 






250 


ns 


*d(<*— POAF) 


Port P0 address output delay time 






250 


ns 


td(?*— POQ) 


Port P0 data output delay time 






200 


ns 


td(5*— POQF) 


Port P0 data output delay time 






200 


ns 


td(?*— pia) 


Port P1 address output delay time 






. 250 


ns 


td(<*— P1AF) 


Port P1 address output delay time 






250 


ns 


td(#— piq) 


Port P1 data output delay time 






200 


ns 


td(<*— P1QF) 


Port P1 data output delay time 






200 


ns 


td(<*— P2Q) 


Port P2 data output delay time 


Fig.24 






300 


ns 


*d(<4— P2QF) 


Port P2 data output delay time 






300 


ns 


' *d(<*— R/W) 


R/W signal output delay time 


Fig.23 






250 


ns 


td(?i— R/WF) 


R/W signal output delay time 






250 


ns 


^d(<*— P3 Q) 


Port P3o data output delay time 






200 


ns 


td(<*— P3 QF) 


Port P3o data output delay time 






200 


ns 


td(<*— SYNC) 


SYNC signal output delay time 






250 


ns 


td((*— SYNCF) 


SYNC signal output delay time 






250 


ns 


td(<*— P3!Q) 


Port P3! data output delay time 






200 


ns 


td(<6— P3!QF) 


Port P3! data output delay time 






200 


ns 



Memory expanding mode and microprocessor mode 



(V CC =5V±10%, V S s=0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(0— POA) 


Port P0 address output delay time 


Fig.23 






250 


ns 


td(«*— pia) 


Port P1 address output delay time 






250 


ns 


td(<*— P2Q) 


Port P2 data output delay time 


Fig.24 






300 


ns 


td(<4— P2QF) 


Port P2 data output delay time 






300 


ns 


*d(<*— R/W) 


R/W signal output delay time 


Fig.23 






250 


ns 


*d(«*— SYNC) 


SYNC signal output delay time 






250 


ns 












P2 




1 

i 100pF 

777 ' ' ■ 


1 






777 



Fig.23 Ports PO, P1, P3, P4, and P6 test circuit 



Fig.24 Port P2 test circuit 
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TIMING DIAGRAMS 




•^ 




/ 




In single-chip mode <t> j 




N 


/ — » 


— 


> 


M* t(j (0-POO) 








Port PO output 


r 














tsu (P0D-«i)— *■ 

/ 








Port PO input 




' 


N 


V 


— - 


> 


t(j (0-P1Q) 




■* th 0-POD 


Port P1 output 


/ 














tsu (P1D-0I— * 

/ 








Port P1 input 




K 


> 


\ 


— - 


> 


t(j (0-P2O* 




■* — th ' 0-PID 


Port P2 output 


r 














tsU IP2D-0)— - 

/ 








Port P2 input 




' 


N 


\ 


— 


> 


■* tfj (0-P3Q) 




th 0-P2D 


Port P3 output 


' 














^U (P3D-<M— *h 

/ 








Port P3 input 




' 


V 


\ 




> 


"• t(j («-P4Q) 




"* th 0-P3D 


Port P4 output 


' 














tsU (P4D-01— *" 

/ 




*- 




Port P4 input 




' 


N 


v 






tsu (P5D-0^— *■ 


-* — th «n-P4D 


Port P5 input 


' 


N 


\ 


— - 


> 


* t(j i«>-P6Q> 




*~ ^ (*-P5D) 


Port P6 output 


' 












fe 






t w 


s 


^ 












/ 




» (x IN ) 


-t r 


\ 


/' 


— 


*— tf 
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In 


eva-chip mode 

<t> J 


















\ 


/ 




> 


■* t<j (0-POA) 


> 


+- 


t(j (fli-POAFJ *" 


"•— t(j ' 0-POQF 




Port PO output 


' 


>: 


>zz 




Port PO input 












td f <*-poo. 

1 










y 


t 


\ 






> 


-* — t(j (0-P1A) 




> 


-«— t 


d («s-piAFi *" 


* — tp 0-POD 
"*" " t(j ■ «J-P1QF 




Port P1 output 


' 


:y 


x 




Port P1 input 








tsU 'P1D- 


-0) 


td '0-P1O 

I 










y 


X 




-~- 


> 


■* — t(J (0-P2O) 


-*- 


> 


> 


^d U-P2QF) 


h — th (0-P1D 




Port P2 output 


' 


: x 




Port P2 input 




*SU (P2D- 


y 














— 


> 
> 


~* t(j (0-R/W) 


-+ 


> 


-«— t 


d (#-R/WF) *~ 


** th (0-P2D 

*~~ td <tf-P3 OF 




Port P3 output (R/W) 


r 


> 










"• — *d (0-SYNC) 




** — t(j (0-P3 o q) 

d (<*-SYNCF) — *- 


"* t(j {<f>-P3,QF s 




Port P3! output (SYNC) 






k 










. ~~ 






td U~P3,Q) 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3, output (SYNC) 



\ / 



X 



- t(j (0-POA) 



* t(j (0-P1A) 



X 



x: 



floating 



X 



- t(j (*~R/W) 



t<j U-SYNC) 



X 



- t(j («S-P2Q) 



tsU (P2D-d») — * 

: / 



X 



X 



- td <*-P2QF) 



>c:::: 

\ 

* *h (*-P2D) 



x 



X 
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MITSUBISHI MICROCOMPUTERS 

M37410M3-XXXFP 
M37410M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M37410M3-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

This microcomputer is also suitable for applications which 
require controlling LCDs. 

The differences between the M37410M3-XXXFP and the 
M37410M4-XXXFP are noted below. The following explana- 
tions apply to the M37410M3-XXXFP. Specification varia- 
tions for other chips are noted accordingly. 



Type name 


ROM size 


RAM size 


M37410M3-XXXFP 


6144 bytes 


1 92 bytes 


M37410M4-XXXFP 


8192 bytes 


256 bytes 



DISTINCTIVE FEATURES 



•69 



Number of basic instructions •'•• 

Memory size 

ROM ••• 6144 bytes (M37410M3-XXXFP) 

8192 bytes (M37410M4-XXXFP) 

RAM 192 bytes (M37410M3-XXXFP) 

256 bytes (M37410M4-XXXFP) 

Instruction execution time 

at high-speed mode Ijus 

at low-speed mode 4/us 

Single power supply 

f(X, N ) = 8MHz 4.5-5.5V 

f(X, N ) = 2MHz 2.5-5.5V 

Power dissipation 
normal operation mode (at 8MHz frequency) 

• 30mW (V CC =5V, Typ.) 

low-speed operation mode (at 32kHz frequency for 
clock function)---. 54//W (V CC =3V, Typ.) 

RAM retention voltage (stop mode) 

2.0V^V RAM ^5.5V 

Subroutine nesting 96levels (Max.) 

Interrupt • • 9types, 5vectors 

8-bit timer • 4 

16-bit timer 1 (Two 8-bit timers make one set) 

Programmable I/O ports 

(Ports PO, P1, P2, P3,.P4) • 40 

Serial I/O (8-bit) 1 

A-D converter • 8-bit, 8channel 

conversion speed (25/us) 

LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 

segment output 24 

common output 4 

Two clock generating circuits (One is for main clock, 

the other is for clock function) 



PIN CONFIGURATION (TOP VIEW) 


z z z a a. a. a. 








ooooooooooaoooooooo^ 


wmMwwwwwwtnwMwwmnMMwo 


t M I it M M M t M t t t M 




NRfilRRraRNraRNRfilR^IiilRfil(iilf^l 




SEG 19 /IN 4 +*[I 




§— C0M 2 


SEG 20 /IN 3 **B 


o o 


H— COM, 


SEG 21 /IN 2 ~[I 


|]-»COMo 


SEG 22 /IN,*-[I 




ID — v L1 


SEG 23 /IN ~[I 




E]-v L2 


AV SS n. 


£ 


ED-v L3 


Vref^H 


w 


g-P2 


Vcc U 


• .&. 


ED— P2i 


P5 7 /PWM3 — [I 


o 


g~P2 2 


P5 6 /PWM2**Qo 


2 


ED-P2 3 


P3 5 /PWM1 **[77 


CO 


El— P2 4 


P5 4 /PWM0 — m 


X 
X 
X 


iD-P2 5 


P5 3 /SIG — d 


48]— P2 6 


P5 2 /CNT 2 — N 




iD-P2 7 


P5,/CNT, — H 


T3 


<D-po 


P5 /INT 3 — E 




iE—pof 


P3 7 /S RD y-1 


O 


El— po 2 


P3 6 /CLK — HU 


«]— po 3 


P3 5 /Sout — 11! 


<D — po 4 


P3 4 /S IN — Hi 




1D-PO5 




[21j|^[2^[2^l2^[29H^ 






t tt n 1 1 1 n n m t n \ 




a. 


Outline 80P6S 



APPLICATION 

Audio-visual equipment 
Remote control 
Camera 
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M37410M3-XXXFP BLOCK DIAGRAM 



I/O port P5 




Segment output(24) SEG 
SEG 



Common Power supply 
output for LCD 
COM 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 



Note 1 : 8192 bytes for M37410M4-XXXFP 



CO 
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o 

r 
m 

■ 

o 

TJ 

00 

I 

00 

o W 

3 *sl 
(A Ji 

s o 

§ 2 
I * 

c X 

s 3 

=o "0 



si 

W 09 

*> E 

Si 

2 S 

« 8 

X i 

* I 
X 5 

3 3 



MITSUBISHI MICROCOMPUTERS 

M37410M3-XXXFP 
M37410M4-XXXFP 
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FUNCTIONS OF 


M37410M3-XXXFP 




Parameter 


Functions 


Number of basic instructions 


69 


Instruction excution time 


1^s (minimum. instructions, at 8MHz frequency). 


Clock frequency 


8MHz(atV cc =5V±10%) 


Memory size 


ROM 


6144bytes (8192bytes for M37410M4-XXXFP) 


RAM 


192bytes (256bytes for M37410M4-XXXFP) 


RAM for display LCD 


12bytes 


Input/Output port 


PO, P1, P2, P3, P5 


I/O 


8-bitX5 


P4 


Input 


4-bitXl (port P4 are in common with v SEG) 


SEG 


LCD output 


24-bitXl 


COM 


LCD output 


4-bitXl 


Serial I/O 


8-bitXl 


Timers 


8-bit timerX4 


16-bit timerXI (combination of two 8-bit timers) 


LCD controller/driver 


Bias 


1/2, 1/3 bias selectable 


Duty ratio 


1/2, 1/3, 1/4 duty selectable 


Common output 


4 


Segment output 


24 (SEG 12 ~SEG23 are in common with port P4) 


Subroutine nesting 


96 (max) 


Interrupt 


Three external interrupts, Three timer interrupts 


Clock generating circuit 


Two built-in circuit (ceramic or quartz crystal oscillator ) 


Operating temperature range 


-20~75°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V C c, and OV to V S s- 


CNVss 


CNVss 




This is connect to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 16/^s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and X ut pins. If an external 
clock is used, the clock source should be connected the X| N pin and the X ut pin should be left open. 


X UT 


Clock output 


Output 


INTt 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


AV SS 


Voltage input for A-D 




This is GND input pin for the A-D converters. 


V REF 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D converters. 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is CMOS output. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is N-ch 
open drain. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO and also works as the key on 
wake up function with mask option. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P1. When serial I/O is used, P3 7 , 
P3 6 , P3 5 , and P3 4 work as S RD y- CLK, S ut, and S| N pins, respectively. Also P3 3 , P3 2 , P3 1t and P3 work as 
timer 4 overflow signal divided by 2 output pin (T), INT 2 pin, X C in and X C out pins, respectively. 


SEG 12 /P4 3 

S 
SEG 15 /P4 


Segment output 
/Input port P4 


Output 

/ 
Input 


SEG 12 ~SEG 15 work as input port P4 and also used by 2-bit unit as LCD segment output. 


P5 ~P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as P1. P5o, P5i, P5 2 and P5 3 are in common 
with INT 3 , timer3 input, timer5 input and A-D trigger input respectively. P5 4 ~P5 7 are also in common with 
PWM0-PWM3. 


v L1 ~v L3 


Voltage input for LCD 


Input 


These are voltage input pins for LCD. Supply voltage as 0V^V L i^V L2 ^V L3 ^Vcc- 0~V L3 V is supplied to 
LCD. 


COM ~ 
COM 3 


Common output 


Output 


These are LCD common output pins. At 1/2 duty, COM 2 and COM 3 pins are not used. At 1/3 duty, COM 3 is 
not used. 


SEG ~ 
SEGu 


Segment output 


Output 


These are LCD segment output pins. 


SEG 16 /IN 7 

1 
SEG 23 /IN 


Segment output 
/Analog input 


I/O 


SEGi6~SEG 23 work as analog input pins IN 7 — IN - 

SEGi6~SEG 19 are used by 2-bit unit and SEG 20 ~SEG 23 by 4-bit unit. 
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BASIC FUNCTION BLOCKS 
MEMORY 

A memory map for the M37410M3-XXXFP is shown in 
Figure"!. Addresses 2800 16 to 3FFF 16 are assigned for the 
built-ROM area which consists of 6144 byes (Addresses 
2000 16 to 3FFF 16 are assigned for the built-in ROM area 
which consists of 8192 bytes for M37410M4-XXXFP) . 
Addresses 3F00 16 to 3FFF 16 are a special address area 
(special page) . By using the special page addressing 
mode of JSR instruction, subroutines addressed on this 
page can be called with only 2bytes. Addresses 3FF4 16 to 
3FFF 16 are vector addresses used for reset and interrupts 



(see interrupts chapter). Addresses 0000 16 to 00FF 16 are 
the zero page address area. By using zero pege addres- 
sing mode, this area can also be accessed with 2 bytes. 
The use of these addressing methods will greatly reduce 
the object size required. 

The RAM, I/O port, timer, etc. addresses are already 
assigned for the Zero Page. Addresses 0000 16 to 00BF 16 
are assigned for the built-in RAM which consists of 192 
bytes (Addresses 0000 16 to 00BF 16 and 0100 16 to 013F 16 
are assigned for the built-in RAM which consists of 256 
bytes for M37410M4-XXXFP) . This RAM is used as the 
stack during subroutine calls and interrups, in addition to 
data storage. 



ROM 

(8192 bytes) 

for 

M37410M4-XXXFP 


Zero page< 

ROM 
(6144 bytes) 

for 

M37410M3- 

XXXFP 


RAM 
(192 bytes) 

RAM ) 
for J 
LCD I 
(12 bytes) 

RAM / 
(64 bytes) 

for { 
M37410M4 [ 
-XXXFP 

Special 

page 

for < 

subroutine 

call 


0000 16 

00BF 16 
00CB 16 

00E0 16 
0100 16 
013F 16 

2000 16 

2800 16 
r 3F00 16 

3FF4 16 

. 3FFF 16 




Decimal 









/00E0 16 

/ 00E1 16 

/ 00E2 16 

191 / 00E3 16 

/ 00E4 16 

/ / 00E5 16 

/ 00E6 16 

^223 00E7 16 

00E8 16 

00E9 16 
255 
I ^ 00EA 16 

1 00EB 16 

\ 00EC 16 

\ 00ED 16 

\ 00EE 16 

\ 00EF 16 

1 00F0 16 

\ 00F1 16 

\ 00F2 16 

\ 00F3 16 

\ 00F4 16 

\ 00F5 16 

\ 00F6 16 

\ 00F7 16 

V 00F8 16 

^ 00F9 16 

Timer 6 or A-D v 00FA 16 

Timer 3 or INT 2 \ 00FB 16 

INT 3 orKeyonwakeup\ 00FC 16 

Serial I/O or timer 2 \ 00FD 16 

INT, \ 00FE ^ 


Port PO 




Port PO r^islef 13 ' 


Port P1 


D«,+ Di directional 
Port P1 register 




Port P2 


o . no directional 

Port P2 register 


Not used 








Port P3 


d„-+ do. directional 
Port P3 register 




Port P4 


Interrupt request 
distinguish register 1 


Port P5 


Not used 


d™4 dr directional 
Port P5 register 


P2 Key on wake up register 


A-D register 




Interrupt request 
distinguish register 2 


Timer 6 latch 




A-D control register 


PWM control register 


Segment control register 




LCD mode register 


Serial I/O mode register 


Serial I/O register 


Timer 4, 5 mode register 


Timer 1 latch 


Address L 


Timer 2 latch 


Address L 


Timer 3 latch 


Address L 
Address H 


Timer 4 latch 


Address L 
Address H 


Timer 5 latch 


Address l_ 
Address H 


Interrupt control register 


Address L 
Address H 


RESET UUhh 16 


Timer control register 


16383 



Fig. 1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown inFigure2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Date operations such as data transfer, input/out- 
put, etc., is executed mainly through the accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. In the index regis- 
ter X addressing mode, the value of theOPERAND added 
to the contents of the index register X specifies the real 
address. When the T flag in the processors status register 
is set to "1", the index register X itself becomes the 
address for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. In the index regis- 
ter Y addressing mode, the value of the OPERAND added 
to the contents of the index register Y specifies the real 
address. 



7 





A 


7 





X 


7 





Y 


7 





S 



PC H (Note) 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

— Carry flag 

— Zero flag 

— Interrupt disable flag 

— Decimal mode flag 

— Break flag 

— Index X mode flag 

— Overflow flag 

— Negative flag 



Note '. PC H uses 6 bits only. 



Fig. 2 Register structure 
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STACK POINTER (S) 

The stack pointer is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
When an interrupt occurs, the higher 8-bit of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8-bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 
the return from interrupt instruction (RTl) is executed, the 
program counter and processor status register data is pop- 
ped off the stack in reverse order from above. 
The accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the Accumulator to its 
previous value is accomplished by the Pop Accumulator in- 
struction (PLA) . It is executed in the revese order of the 
PHA instruction. 

The contents of the Processor Status Register (PS) are 
pushed and popped to and from the stack with the PHP 
and PLP instructions, respectively. 

During a subroutine call, only the program Counter is 
pushed into the stack. Therefore, any registers that should 
not be destroyed should be pused into the stack manually. 
To return from a subroutine call, the RTS instruction is 
used. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 
PC H is used 6 bits. 

PROCESSOR STATUS REGISTER (PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 
Carry flags (C) , Zero flag (Z) , Overflow fag (V) or the 
Negative flag (N.) . Each bit of the register is explained 
below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic Logic Unit (ALU) immediately after an op- 
eration. It is also changed by the shift and rotate instruc- 
tions. The set carry (SEC) and clear carry (CLC) instruc- 
tions allow direct access for setting clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediated operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "0". If the result is not zero, the zero flag 
will be set to "1". 



3. Interrupt disable flag (I) 

This flag is used to disable all interrupts This is accom- 
plished by setting the flag to "1". When an interrupt is 
accepted, this flag is automatically set to"1" to prevent from 
other interrupts until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is "0", the operations are ex- 
ecuted in binary. Decimal correction is automatically ex- 
ected. The SED and CLD instructions are used to set and 
clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are preformed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the B flag will 
be "1", otherwise, it will be"0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly, without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and Clear the T flag, respectively. 

7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a singed binary number. When the result ex- 
ceeds+127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the V flag. The overflow flag is reset by the CLV 
instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is "1"). Whenever the BIT 
instruction is executed, bit 7 of the memory location is input 
to the N flag. There are no instructions for directly setting or 
resetting the N flag. 
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INTERRUPT 

The M3741 0M3-XXXFP can be interrupted from ten sources; 
INTl Timer 2 or Serial I/O, INT 3 or Key on wake up, INT 2 
or Timer 3, Timer 6 or A-D, and BRK instruction. 
"Key on wake up" can only be used at power down state by 
STP instruction or WIT instruction. When one of the P2 is 
"L", an interrupt occurs. 

These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same function as an interrupt. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, as discussed in 
the stack pointer section, and the interrupt disable flag (I) 
is set, and the program jumps to the address specified by 
the interrupt vector, and the interrupt request bit of the in- 
terrupt control register or timer control register is cleared 
automatically. The reset interrupt is the highest priority in- 
terrupt and can never be inhibited. Except for the reset in- 
terrupt, all interrupts are inhibited when the interrupt dis- 
able flag is set to "1". All of the other interrupts can further 
be controlled individually via the interrupt control register 
shown in Figure 3. An interrupt is accepted when the inter- 
rupt enable bit and the interrupt request bit are both "1" 
and the interrupt disable flag is "0". 



The interrupt request bits are set when the following condi- 
tions occur: 

(1) When the INT 1( INT 2 or INT 3 pins go from "H" to "L" or 
"L"to"H" 

(2) When the levels any pin of P2 goes "L"(at power down 
mode) 

(3) - When the contents of timer 2, timer 3, timer 6 or the 

counter of serial I/O goes "0" 
When the two interrupt requests, which are the same prior- 
ity and are at the same sampling, the priority process is 
processed by interrupt request distinguish register 1 and 2. 
These request bits can be reset by a program but can not 
be set. Since the BRK instruction interrupt and the timer6 
or A-D, interrupt have the same vectored address, the con- 
tents of the B flag must be checked to determine if the 
BRK instruction caused the interrupt or if timer 6 or A-D 
generated the interrupt. 

Table 1. Interrupt vector address and priority. 



Interrupt 


Priority 


Vector address 


RESET 


1 


3FFF 16) 3FFE 16 


INT! 


2 


3FFD 16l 3FFC 16 


Serial I/O or timer 2 


3 


3FFB 16l 3FFA 16 


INT 3 or key on wake up 


4 


3FF9 16) 3FF8 16 


INT 2 or timer 3 


5 


3FF7 16l 3FF6 16 


Timer 6 or A-D (BRK) 


6 


3FF5 16 , 3FF4 16 




Bit 7 of timer control register 



Interrupt 
request 



..l.l I I IJJJ 



Interrupt disable flag I 



Interrupt request distinguish register 1 (0OEB 16 address) 
Bit 7 : Serial I/O interrupt request bit 
Bit 6 .' Serial I/O interrupt enable bit 
Bit 5 : Timer 2 interrupt request bit 
Bit 4 : Timer 2 interrupt enable bit 
Bit 3 .' INT 2 interrupt request bit 
Bit 2 : INT 2 interrupt enable bit 
Bit 1 : Timer 3 interrupt request bit 
Bit : Timer 3 interrupt enable bit 

Interrupt request distinguish register 2 (00F0i 6 address) 
Bit 5 : INT 3 interrupt request bit 
Bit4 : INT3 interrupt enable bit 
Bit 3 : A-D interrupt request bit 
Bit 2 .' A-D interrupt enable bit 
Bit 1 : Timer 6 interrupt request bit 
BitO : Timer 6 interrupt enable bit 

Interrupt control register (00FE 16 address) 
Bit 7 : INL interrupt request bit 
Bit 6 : INT, interrupt enable bit 
Bit 5 : INT3 or key on wake up interrupt request bit 
Bit 4 : INT3 or key on wake up interrupt enable bit 
Bit 3 : INT 2 or timer 3 interrupt request bit 
Bit 2 ! INT 2 or timer 3 interrupt enable bit 
Bit 1 : Timer 6 or A-D interrupt request bit 
BitO '. Timer 6 or A-D interrupt enable bit 



Timer control register (00FF 16 Address) 

Bit 7 : Serial I/O or timer 2 interrupt request bit 
Bit 6 : Serial I/O or timer 2 interrupt enable bit 



Fig. 3 Interrupt control 
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TIMER 

The M37410M3-XXXFP has six timers; timer 1, timer 2, tim- 
er 3, timer 4, timer 5 and timer 6. 

A block diagram of timerl through 6 is shown in Figure 4. 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3, 4 and 5 of the timer control register (address 
00FF 16 ) , as shown in Figure 5. All of the timers are down 
count timers and have 8-bit latches. When a timer reaches 
"0" and the next count pulse is input to a timer, the con- 
tents of the reload, latch are loaded into the timer. The divi- 
sion ratio of the timer is 1/(n + l), where n is the contents 
of timer latch. 

Timer 2, 3 and 6 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt disting- 
uish register 1 or 2 (located, at addresses 00EB 16 and 
00F0 16 respectively) is set at the next count pulse after the 
timer reaches "0" (see interrupt section). 
The starting and stopping of timerl is controlled by bit 7 of 
the interrupt distinguish register 2, timer 3 by bit 6 of the in- 
terrupt distinguish register 2 and timer 4 by bit 3 of timer 4, 
5 and 6 mode register (00F8 16 address). If the correspond- 
ing bit is "0". the timer starts counting, and the correspond- 
ing bit is "1", the timer stops. The timer4 overflow signal di- 
vided by 2 can be outputed from port P3 3 by setting the bit 
4 of the serial I/O mode register (00F6 16 address) to "1". 
Timer 5 and 6 work as timer mode, event counter mode 
and PWM mode by changing the contents of bit 5 and bit 6 
of the timer 4, 5 and 6 mode register. 

(1) Timer Mode 

This mode is the 16-bit timer, and the count source is 0/4. 
When the bit 6 of PWM control register (00F3 16 address) is 
"1", the timer6 overflow singnal divided by 2 is output from 
CNT 2 pin (common with P5 2 ). 

(2) Event Counter Mode 

The count source is input from the CNT 2 pin. The count de- 
cremented each time the input goes from "L" to "H". 

(3) PWM Mode 

As shown in Figure 7, the output wave is controlled by the 
contents of the timer latch of timer 5 and 6. 
PWM output can choose among PWMO, PWM1, PWM2 and 
PWM3 by bit 0, bit 1, bit 2 and bit 3 of PWM control reg- 
ister. 

When the count value of all timers, from timer 1 to timer 6, 
are read, be careful not to change the input source. 
When the count source is inputed from the external pin, the 
minimum pluse width should be 8/us. 
After a STP instruction is executed, timer 2, timer 1, and the 
clock (^ divided by 4) are connected in series (regardless 
of the status of bit 2 through 5 of the timer control register). 
This state is canceled if timer2 interrupt request bit is set to 
"1", or if the system is reset. Before the STP instruction is 
executed, bit 7 of the interrupt distinguish register2 (timerl 
count stop bit), bit 5 of the interrupt distinguish register!, 
and bit 6 of the timer control register must be set to "0" 



(prohibition) . And also bit 4 of the interrupt distinguish 
registerl must be set to "1". For more details on the STP 
instruction, refer to the oscillation circuit section. 
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XciN O - 



x.n CHEb — ^0-r-c — pH! 



Select gate '. at reset, shaded side is connected. 

~r 

IF2 : Interrupt request distinguish register 2 

TM : Timer control register 

TC '. Timer 4, 5, 6 mode register 

WC : PWM control register 

SM : Serial I/O mode register 

ps^cnt, z^m 

P3 6 /ScLK ~ 




SM, 



<>* 



SM 



[Synchronous clockl 



SM, SM2SM2XI 

p3 5 /s OU T n~ 

P3 4 /S IN - 
P3 7 /S RDY - 



SM 3 



P3 3 /T- 



SM 4 



P5 2 /CNT 2 



IF2 7 I Timer 1 latch (8)" 



Timer 1 (8) 



TT 



*HI 



Timer 2 latch (8) 



Timer 2 (8) 



"T^ 



TM 5 . 
TM 



IF2 6 ' 



Timer 3 latch (8) 



H^-f_ 



T 



Timer3 (8) 
^ 



-D- 



£ 



Serial I/O counter 



-[ Serial I/O registe? 



TC 3 L. 



Timer 4 latch (8) 



Timer 4 (8) 



^Z 



T-«^> 



I Timer 5 latch (8~ 



WC 6 A 



WC 
P5 4 /PWM0 <^J— 1 

WC, 
P5 5 /PWM1 <£] 

WC 2 f 
P5 6 /PWM2 <Q — 

WC 3 
P5 7 /PWM3 <J1 



TC 5 
TC 6 



S^ 



Timer5 (8) 

cr 



I Timer 6 latch (8) " 



*ttgH 



I 



Timer6(8) 
^ 



P 



-B- 



-»- Overflow flag 



-Q — *■ LCDCK 



->■ Timer 2 interrupt request bit 



■ Timer 3 interrupt request bit 



-^ Serial I/O interrupt request bit 



>■ Overflow flag 

-Eh 



It 



-5- Timer 6 interrupt 
request bit 



Fig. 4 Block diagram of timer 1 through 6 
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Timer control register 
(Address 00FF 16 ) 



Processor mode bit 

00 : Single-chip mode 

01 : Not used 

10 : Not used 

11 : Not used 

- Timer 1 count source selection bit 

: divided by 4 

1 : Timer for clock (X C | N ) 



- Timer 2 count source selection bit 

: Timer 1 overflow 

1 ! Timer for clock (X C in) 

- Timer 3 count sourceselection bit 

00 '. divided by 4 

01 '. Timer 2 overflow 
10 : CNTt input 

- Serial I/O or timer 2 interrupt enable bit 

: Interrupt inhibit 

1 : Interrupt enable 

■ Serial I/O or timer 2 interrupt request bit 

: No interrupt request 

1 '. With interrupt request 



Fig. 5 Structure of timer control register 





7 






















Timer 4,5,6 mode register 
(Address 00F8 16 ) 

- INT! input polarity selection bit 

: Interrupt request by falling edge 

1 ! Interrupt request by rising edge 


















L 






mm 1 2 inpui poiaruy seieuuun uu 

: Interrupt request by falling edge 

1 : Interrupt request by rising edge 




UN l 3 input puiamy ueieuuun uu 

I Interrupt request by falling edge 

1 : Interrupt request by rising edge 




: Count start 

1 : Count stop 




! No timer 4 overflow 

1 : With timer 4 overflow 




i imer o,o moue uu 

00 : Timer mode 

01 : Event counter mode 

10 '. Pulse width measurement mode (count source 0/4) 

1 1 : Pulse width measurement mode (count source is overflow of timer 4) 






i imer o,o couru siop. uu 

: Count start 

1 : Count stop 



Fig. 6 Structure of timer 4,5,6 mode register 
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PWM 

M37410M3-XXXFP has a pulse width modulated (PWM) 
output control circuit connecting with timer5 and timer6. 



Figure 6 shows the structure of timer 4,5,6 mode register, 
Figure 7 shows the PWM rectangular wave form and Figure 
8 shows the structure of PWM control register. 







PWM _ 
wave form 


I 




Jimer6|^ timer 5 _ 


timer 5-Himer 6 





Fig. 7 PWM rectangular wave form 



PWM control register 

(00F3 16 address) 

-P5 4 /PWM0 selection bit 

: P5 4 

1 : PWMO 
-P5 5 /PWM1 selection bit 

0:P5 5 

1 : pwmi 

-P5 6 /PWM2 selection bit 

0:P5 6 
1 I PWM2 

- P5 7 /PWM3 selection bit 

: P5 7 

1 : PWM3 
-P5 3 /SIG selection bit 

: P5 3 

1 :SIG 

- Timer 1 overflow flag 

- P5 2 /CNT 2 selection bit 

: P5 2 

1 : CNT 2 



Fig. 8 Sturcture of PWM control register 
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SERIAL I/O 

The block diagram of serial I/O is shown in Figure 9. In the 
serial I/O mode the receive ready signal (S RDY ) , synchro- 
nous input/output clock (CLK). and the serial I/O (S ut, 
S| N ) pins are used as P3 7 , P3 6 , P3 5 , and P3 4 , respectively. 
The serial I/O mode register (address 00F6 16 ) is an 8-bit 
register. Bit 1 and of this register is used to select a syn- 
chronous clock source. When these bits are (00) or [01] , 
an external clock from P3 6 is selected. When these bits are 
C10) , the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 



[11] , the internal clock <f> divided by 4 becomes the clock. 
Bits 2 and 3. decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P3 6 . 
And P3 5 will be a serial output and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Bit 3 determines if P3 7 is 



Divider 



clock ^ — 1/4 



— <J 



a 



CLK 



P3 4 



O 

a 



From internal clock 
divided by 4 or 
timer 2 







L 



Timer3(8) 



P rescal er (Address 00FB 16 ) 




1/2 



-s»- Interrupt request 
distinguish register 1 



Serial I/O counter (3) 



-^- Interrupt request 
distinguish register 1 



Transfer clock 



— » MSB Serial I/O register (8) LSB 

(Address 00F7 16 ) Xt 
J ' Data bus 



3 



Serial I/O mode register 
(Address O0F6 16 ) 



Synchronous clock selection bit 
00 : I 



01 : 



External clock 



10 : Timer 3 overflow signal divided by 2 

11 : Timing divided by 4 



Serial I/O port selection bit (P3 5l P3 6 ) 

: Normal I/O port 

1 : Serial I/O port 



■ Sr D y signal output selection bit (P3 7 ) 

: Normal I/O port 

1 : S RDY signal output pin 



Fig. 9 Block diagram of serial I/O 
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used as an output pin for the receive data ready signal (bit 
3="1", S RDY ) or used as a nomal I/O pin (bit 3="0"). 
The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal clock — The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister. After the falling edge of write signal, the S RDY signal 
becomes low signaling that the M37410M3-XXXFP is ready 
to receive the external serial data. The S RDY signal goes 
"H" at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial I/O 
register. At each falling edge of the transfer clock, serial 
data is output to P3 5 . During the rising edge of this clock, 
data can be input from P3 4 and the data in the serial I/O 



register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 
I/O register will be empty and the transfer clock will remain 
at a high level. At this time the interrupt request bit will be 
set. 

External Clock — If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 10, and connection 
between two M37410M3-XXXFP's are shown in Figure 11. 



Synchronous clock 
Transfer clock ■ 

Serial I/O register write 
signal ■ 

Serial I/O output • 
Sout ■ 

Serial I/O output 

Sout 

Receivable signal 

Srdy 



u7Ji_n_rLn_rLrLr 




Interrupt request bit set 



Fig. 10 Serial I/O timing 



MITSUBISHI 
..ELECTRIC 



2-515 



MITSUBISHI MICROCOMPUTERS 

M37410M3-XXXFP 
M37410M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



Sending side 



Receiving side 



Serial I/O mode register 
bit 3 bltO 



1 10 



Set the directional 
register for P3 7 pin 
in input mode. 



P37 Srdy P3 7 



P3 6 Synchronous clock P3 6 



P3 5 Serial data P3 4 



Serial I/O mode register 
bit 3 bitO 



X 



Set the directional 
register for P3 4 pin 
in input mode. 



Fig. 11 Example of serial I/O connection 



Serial I/O mode register (SM) 
(00F6 16 address) 

Synchronous clock selection bit 

oo : " "" 



';} 



External clock 



10 : Timer 3 overflow signal divided by 2 

11 : Timing divided by 4 

- Serial I/O port selection bit (P3 5 , P3 6 ) 

: Normal I/O port 

1 : Serial I/O port 

" S RDY signal output selection bit (P3 7 ) 

: Normal I/O port 

1 '. Srdy signal output pin 
" T/P3 3 selection bit 

: Normal I/O port 

1 :t 

■ Xcin. Xcout/.P3o. P3i selection bit 

: Normal I/O port 

1 • X C |Ni X C out 

- Unsystem clock operation bit 

: HALT 
1 : Operation 

- INT, input level 



Fig. 12 Structure of serial I/O mode register 
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LCD CONTROLLER/DRIVER 

The M37410M3-XXXFP has internal LCD controllers and 
drivers. A Block Diagram of LCD circuit is shown in Figure 
15. The terminals for LCD consist of 4 common-pin and 24 
segment-pin. SEG 12 ~SEG 15 are in common with input P4. 
Also SEG-| 6 ~SEG 2 3 are in common with IN ~IN 7 .These are 
selected by bit 3~7 of the LCD segment control register 
(00F4 16 address). Two biases (1/2 and1/3) can also be 
selected. When bit 2 of the LCD mode register is "1", 1/2 
bias is selected. When bit 2 is "0", 1/3 bias is selected. 
1,1/2,1/3, or 1/4 duty cycle can also be selected. When 
bits and 1 of the LCD mode register (LM , LM-,) is n, the 



duty ratio is 1/(n+l). 

Address 00C0 16 ~ 00CB 16 is the designated RAM for the 
LCD display. When 1s' are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi- 
gure 13. 

The ON/OFF function for the LCD controller is controlled 
by bit 3 of the LCD mode register (LM 3 ). When this bit is 
"1" all the segments of the LCD are turned on. When this 
bit is "0" all the segments are turned off. 
The structure of the LCD mode register is shown in Figure 
14. 
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Fig. 13 Map of RAM for LCD segment 



LCD mode register (LM) 

(00F5 16 address) 

■ Duty ratio selection bit 

00 : 1/1 duty 

01 : 1/2 duty 

10 : 1/3 duty 

11 : 1/4 duty 
Bias selection bit 

: 1/3 bias 

1 : 1/2 bias 
LCD turn on bit 

: Off 

1 : On 
Xout/SYNC selection bit 

. Xqut 

1 : SYNC 

■ System clock selection bit 

00 :x, N /16 

01 : x IN /4 

10 :x C | N /2(backtoX, N /16) 

11 :x C | N /2(backtoX, N /4) 
External A-D start enable bit 

: Inhibit 

1 : Enable 



Fig. 14 Structure of LCD mode register 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 16. The analog 
input ports of the A-D converter (IN ~IN 7 ) are in common 
with in the input ports of the data bus. 
The segment control register is located at address 00F4 16 . 
One of the eight analog inputs is selected by bits 0, 1 and 
2 of this register. The IN pins, not to use as analog input, 
uses as LCD segment output. 

Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 17. A-D conversion is accomplished by first 
selecting bit and 1 of the A-D control register (address 
00F2 16 ) for the source of V REF . And also the analog input 
pin is chosen by the analog input select bit of the segment 
control register. A-D conversion starts by writing a dummy 
data to the A-D register (address 00EF 16 ) or changing the 
input level from SIG pin "H" to "L". When A-D conversion is 
finished, an interrupt is generated. After A-D interrupt is 
accepted, the result of A-D conversion can be read from 
the A-D register. 



Segment control register 

(00F4 16 address) 



L Analog input selection bit 

000 : IN 100 : IN 4 

001 : in, 101 : in 5 
oio : in 2 iio:in 6 
011 : in 3 m : in 7 

- SEG 2 3~SEG 2 o/INo~IN3 selection bit 

o: IN ~IN 3 

1 '. SEG 2 3~SEG 2 o 

- SEG 19 , SEG 18 /IN 4 , IN 5 selection bit 

: IN 4 , IN 6 

1 : SEG 19) SEG 18 

- SEGi 7 , SEGi 6 /IN 6 , IN 7 selection bit 

: IN 6) IN 7 

1 : SEG 17 , SEG 16 

- SEG 13 , SEG 12 /P4 2 , P4 3 selection bit 

: P4 2 , P4 3 

1 : SEG 13 , SEG 12 

- SEG 15 , SEG 14 /P4 0> P4, selection bit 

: P4 , P4 1 

1 : SEG 15 , SEG 14 



Fig. 17 Structure of segment control register 



Data bus 



7\ 



INo.O 
INiO 
IN 2 0" 
INaO 

IN4O 
INsQ- 

INeO 
INrO 



J 



_^ 



"7Y 



Segment control register 
(00F4 16 address) 



A-D control 
circuit 




Successive 
approximation 

register 
(A-D Register) 



-3- A-D interrupt request bit 



(00EF 16 address) 



Switch tree 



A-D control register 
(00F2 16 address) 
Vref input selection 

: Off 

1 : On 



V REF source selection bit 

: V REF pin 

1 :v cc 



Ladder resistor 



Fig. 16 A-D converter circuit 
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KEY ON WAKE UP 

"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. 
When the key on wake up option of port P2 is designated 
and key on wake up interrupt enable bit (IC 2 ) is set to "1", 
if the key on wake up option pin of port P2 has "L" level 
applied, key on wake up interrupt is generated and the 
microcomputer is returned to the normal operating state. 
When the bit 4 of PWM control register (address 00F3 16 ) is 
set to "1", the pulse shown in Figure 18 is outputed from 
P5 3 pin. 



Timer 1 and Timer 2 count 



P5 3 /SIG pin ■ 



Key on wake up input 



Stand-by release 



As shown in Figure 19, if the key matrix of active "L" to in- 
put port P2 is constructed, the microcomputer is returned to 
normal operating state by the key push. Refer to the sec- 
tion of intterrupt how to use the key on wake up function. In 
order to enter the power down state generated by the STP 
or WIT instruction at the interrupt disable flag (I) is "0" and 
IC 2 is "1", the input designated as key on wake up by op- 
tion in port P2 must be all "H". 



Fig. 18 Output from the SIG pin at wake up from the stop state 
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P2 7 



P2i 



P2 



Port P2 7 
directional register 



iB> 



Vcc 
(Note)[i_ 



3> 



Option 



Port P2, 
directional register 



±m>- 



(Note) 



k^> 



Option 



Port P2 
directional register 



(Note) 



Ifco 



Option 



Port PX X 

"L" level output 



Note I Pull-up transistor (mask option) 



Key on wake up register 
(00EE 16 address) 



> 



Interrupt control register 



Port P2 data 



Fig. 19 Block diagram of port P2 and example of wired at used key on wake up 
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RESET CIRCUIT 

The M37410M3-XXXFP is reset according to the sequence 
shown in Figure 22. It starts the program from the address 
formed by using the content of address 3FFF 16 as the high 
order address and the content of the address 3FFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 16 jus while the power voltage is between 



4 and 5.5V and the crystal oscillator oscillation is stable and 
then returned to "H" level. 

The internal initializations following reset are shown in Fi- 
gure 20. 

An example of the reset circuit is shown in Figure 21. 
When the power on reset is used, the RESET pin must be 
input "H" after the oscillation of X| N -X ut becomes stable. 



Address 




(OPort P0 directional register (D0)(E1 16 ) — 
(2)PortP1 directional register (D1)(E3 16 ) — 

(3) Port P2 directional register (D2)(E5 16 ) — 

(4) Port P3 directional register (D3) (E9 16 ) — 

(5) Port P5 directional register (D5)(ED 16 ) — 

(6) Interrupt request distinguish register 1 (F1 16 ) — 

(7) Interrupt request distinguish register 2 (F2 16 ) — 

(8) PWM control register (F3 16 )- 

(9) Segment control register (F4 16 )--- 

(10) LCD mode register (F5 16 ) — 

(11) Serial I/O mode register (SM)(F6 16 )- 

(12) Timer 4, 5, 6 mode register (F8 16 )v 

(13) Interrupt control register (IM)(FE 16 ) — 

(14) Timer control register (TM)(FF 16 )--- 

(15) A-D control register (F2 16 )--- 

(16) Processor status register 

(17) Program counter . (PC H )— 

(PCj- 


00 16 


oo 16 


00 16 


oo 16 


00 16 


00 16 


00 16 








































- 


- 


- 


00 16 


- 























oo 16 


oo 16 


oo 16 






























1 






Contens of address 
3FFF16 


Contents of address 
3FFE16 


rs! ote : Since the contents of both registers 
above (including timers and the ser 
RAM are undefined at reset, it is ne 
values. 


other than those listed 
al I/O register) and the 
sessary to set initial 




Fig. 21 Example of reset circuit 



Fig. 20 Internal state of microcomputer at reset 
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_f 



Internal RESET 



Address 



Data 



00,sX)0,S-l)D0,S-2X3FFEX3FFF)ftDH,^DY 



3<Z)Q3(Z^XZEXZDS)(ZEXZ 



Reset address from 
the vector table 



32 — 48 clock cycles 



Note 1 : Frequency relation of f(X, N ) and $ is f(X, N ) =16- <f>. 
Note 2 : The mark " ? " means that the address is change- 
able depending upon the previous state. 



Fig. 22 Timing diagram at reset 
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I/O PORTS 

(1 ) Port PO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00E0 16 . Port PO's directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00E1 16 ) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be. read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 

(2) Port P1 

Port P1 has the same function as PO but the output 
structure is N-ch open drain. 

(3) Port P2 

Port P2 has the same function as PO. Following the ex- 
ecution of STP or WIT instruction, key matrix with port 
P2 can be used to generate the interrupt to bring the 
microcomputer back in its normal state. The pin to be 
used as the key on wake up must be with key on wake 
up option and its value in directional register must be 
"0". 

(4) Port P3 

Port P3 has the same functions PO except that part of 
P3 is common with the serial I/O, output of timer4, 
clock oscillation of timer clock and interrupt input. 
The output is N-channel open drain. When P3 and P3i 
pins are used for X C in input, pull-up is inhibited. 

(5) Port P4 

Port P4 is an 4-bit input port which can be used as a 
segment output port. At reset, this port is pull-up to V L3 . 
Just after the reset, this port becomes high-impedance 
state. When port P4 is used as input port, the pull-up 
option to these pins are inhibits. 

(6) Port P5 

Port P5 has the same functions as PO except that part 
of P5 is common with the counter input pin, SIG pin, 
and PWM output pin. The output is N-channel open 
drain output. 

(7) Segment outputfSEGo—SEGn) 

These ports drive and control the LCD segments. At 
reset, these output the level of V L3 . 

(8) Analog input(IN ~IN 7 ) 

This is a port for an analog input of A-D converter. This 
can be used as the segment output. At reset, it is pull- 



up to V L3 . Just after the reset, this becomes high- 
impedance state. 

(9) Common output(COM ~COM 3 ) 

These port provides output drive and control for the 
LCD common lines. At reset, this outputs the level of 
V L3 . 

(10) Power Supply for LCD(V L1 ~V L3 ) 
Supplies power to the LCD terminals. 

(11) INTt 

The INT! pin is an interrupt input pin. The INTi inter- 
rupt request bit (bit 7 of address 00FE 16 ) is set to "1" 
when the input level of this pin changes from "H" to "L" 
(or "L" to "H"). This input level is read in the bit 7 of 
serial I/O mode register (addresss 00F6 16 ). 

(12) INT 2 (P3 2 /INT 2 ) 

The INT 2 pin is an interrupt input pin common with P3 2 . 
When P3 2 's directional register is set for input ("0") , 
this pin can be used as an interrupt input. The INT 2 in- 
terrupt request bit (bit 3 of address 00EB 16 ) is auto- 
matically set to "1" when the input level of this pin 
changes from "H" to "L" (or from "L" to "H"). 

(13) INT 3 (P5 /INT 3 ) 

The INT 3 pin is an interrupt input pin common with P5 . 
The other functions are the same as INT 2 . 
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Port Latch 



i 
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N-ch open drain 



Interrupt control circuit 
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Fig. 23 Block diagram of ports P0~P2, P3 2 and P5 
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Port P3 , P3 1( P3 3 , P3 4l P3 5 , P3 6 , P3 : 
P5 1f P5 2l P5 3 , P5 4 , P5 5 , 
P5 6 , P5 7 



-<- 



Data bus - 



Directional 
register 



Port latch 



If 



:D— " 



Vcc 

b mask option 
Tr5 

O 



T77 

Vss 



<h 



Port P3 0r P3 1( P3 3 , P3 4l P3 5l P3 6 , 
P3 7l P5L P5 2l P5 3 , P5 4 , P5 5 , 
P5 6 , P5 7 



Tr5 is pull-up transistor (mask option) 



Port P4(SEG 15 ~SEG 12 ) 



RESET 



Timing circuit 




V L 3 



mask option 



o 



Port P4(SEG 15 ~SEG 12 ) 



LM 4 



Tr6 is only conducted at RESET="L". 
Tr7 is pull -up transistor (mask option) 



Fig. 24 Block diagram of Port P3 and P4 



Analog input IN (SEG 23 ~SEG 16 ) 



V L 3 



RESET J Timing circuit^ |P Tr8 



A-D converter circuit ■ 



-» 



-Q Analog input IN 
(SEG 23 ~SEG 16 ) 



Tr8 is only couducted at RESET="L" 



INT! 



Data bus - 



Interrupt control circuit- 



-<3 o 



INT! 



RESET 



^ DCCCT 



RESET 



Fig. 25 Block diagram of analog input port IN, INT^ RESET 
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CLOCK GENERATING CIRCUIT 

The M37410M3-XXXFP has two internal clock generators. 
Figure 28 shows a block diagram of the clock generator. 
Normally, the frequency applied to the clock input pin X iN 
divided by four is used as the internal clock (timing output) 
0. Serial I/O mode register bit 5 can be used to switch the 
internal clock 0to 1/2 the frequency applied to the clock 
input pin X cm . In this case, the pull-up option to these pins 
are inhibited. 

These signals can also be changed via bit5 (LM 5 ) and bit6 
(LM 6 ) of the LCD mode register. When LM 6 and LM 5 are 
[00], the internal clock is chosen X| N /16. When they are 
[01] , the internal clock is chosen X| N /4. When they are 
[10] and [11] , the internal clock is X c , N /2. The one of 
clock X| N and clock X C | N) isn't in use for the internal clock 
(none system clock), stops when the bit6 (SM 6 ) of serial I/ 

mode register is "0". In order to restart the clock as the 
internal clock, SM 6 is set to "1" and wait until the oscillation 
becomes stability by the software then the internal clock is 
chosen LM 6 and LM 5 . 

Figure 26 shows a circuit exmple using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which is unique 
for each oscillator, when using an external clock signal, in- 
put from the X, N (X C in) pin and leave the X OU t(Xcout) P' n 
open. A circuit example is shown in Figure 27. 
The M37410M3-XXXFP has two low power consumption 
modes, stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both X| N clock and X C)N clock) stops with the internal 
clock 0held at "H" level. In this case timer 1 and timer 2 
are forcibly connected and 0/4 is selected as timer 1 input. 
When restarting oscillation, set the suitable value for timer 

1 and timer 2 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 1 count stop 
bit must be set to supply ("0"), Timer 2 interrupt enable bit 
(IF1 4 ) of interrupt request distinguish register 1 must be 
set to enable ("1"), Timer 2 interrupt enable bit (TC 6 ) of 
timer control register must be set to disable ("0"). 
Oscillation is restarted (reset stop mode) when INT^ INT 2) 
or INT3 interrupt is received. The interrupt enable bit of the 
interrupt used to reset the stop mode must be set to "1". 
When restarting oscillation with an interrupt, the internal 
clock is held "H" until timer 2 overflows and is not sup- 
plied to the CPU. When oscillation is restarted by reset, "L" 
level must be applied to the RESET pin until the oscillation 
stabilizes because no wait time is generated. 

The microcomputer enters a wait mode when WIT instruc- 
tion is executed. The internal clock stops at "H" level, but 
the oscillator does not stop. is re-supplied (wait mode 
reset) when the processor is reset or when it receives an 
interrupt. Instructions can be executed immediately be- 
cause the oscillator is not stopped. The interrupt enable bit 
of the interrupt used to reset the wait mode must be set to 



"1" before executing. the WIT instruction. 
When the interrupt is accepted and after the interrupt sub- 
routine is executed, the next instruction to STP or WIT is 
executed. It is possible to cancel stop and wait mode by 
reset. In this case, the execution is started from the 
address is set to reset vector. 

Transition of states for the system clock is shown in Figure 
29. The change order of the internal clock is shown in Fi- 
gure 29. 

When STP instruction is executed from the states of A, B, 
C, D and E, it will be the same state as H (stop state). If 
the interrupt is executed in stop state, it will return the state 
before STP instruction is executed. 



M37410M3-XXXFP 

X|N X UT X C |N XcoilT 


28— w\ — -29 23' — v* — ^24 
1MO Rf |Rd 

-hoi— [ r^ 0l— I 

=r C| N :; C UT :: C C | N T C C 
777 777 777 777 



Fig. 26 External ceramic resonator circuit 











M37410M3-XXXFP 
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Fig. 27 External clock input circuit 
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Timerl 
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clock source 
selection LM 7 



Timer 1 
count source 
selection TM 2 
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Timing 
(Internal Clock) 
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S Q 
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S 








R 


STP 
instruc 
-tion 


WIT 


R 






R 






instruction 


















Reset 









KX 



Reset 



■ STP instruction 




K3 



INTt interrupt enable 
INTt interrupt request 

Serial I/O or timer2 interrupt enable 
Serial I/O or timer2 interrupt request 

INT 3 or key on wake up interrupt enable 
INT3 or key on wake up interrupt request 

INT 2 or timer3 interrupt enable 
INT 2 or timer3 interrupt request 
Timer6 or A-D interrupt enable 
Timer6 or A-D interrupt request 



Fig. 28 Block diagram of clock generating circuit 
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SM 5 =0 

SM 6 =0 

LM 5 =0 

JLM 6 =0 



8MHz stop 

32kHz oscillation 

0=stop 

Timers, 

LCD action 



Interrupt 



instruction! 8MHz oscillation 

32kHz stop 

0=stop 

Timers, 

LCD action 



interrupt 




Interrupt 



SM 6 ="1"-"0" 



WIT 



Clock mode 

32kHz oscillation 

<£stop 

Timer, LCD 

action 



Interrupt 



Interrupt 



8MHz stop 

32kHz stop 

<£stop 



SM 6 ="0"— "1" 



H 



Low-speed 

mode 
8MHz stop 

32kHz oscillation 
<f>= 16kHz 



Interrupt 



8MHz stop 

32kHz stop 

4> stop 



The case of example clock X| N =8MHz, clock X C i N =: 32kHz.. 

Note : At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing system clock. This time is set by program. 

When SM 6 =1 and unsystem clock is operated, wait time necessary by program until oscillation becomes stable. 

Return to the normal mode once in case changed to the low-speed mode from the normal mode. 

Also return to the high-speed mode once in case changed to the low-speed mode from the high-speed mode. 



Fig. 29 Transition of states for the system clock 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+l). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those insructions are only valid for the 
contents before the modification. Also, at least one in- 
sturction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers either 
while the input of these timers are not changing or after 
timer 4, 5 count stop bit (bit 6 of address 00F8 16 ) is set 
to"1". 

Also, when the timer 1, timer 2, or timer 3 is input the 
clock except <f>/4 or it divided by timer, control the 
same as above. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the exection of a 
PLP instruction. 

(6) When LCD trun-on bit (bit 3 of address 00F5 16 ) of the 
LCD mode register is "1", don't stop the timers or count 
source for timers. 

(7) The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in- 
struction. 

(8) When the interrupt is processed, confirm the interrupt 
enable bit is enable state after into the interrupt 
routine. If so, check the request flag after that. 

(9) The change of system clock of X/16— X c /2-*X/4 and 
X/4-0< c /2-*X/16 are inhibited. 



DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ROM data • EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• Port PO pull-up transistor bit 

• Port P1 pull-up transistor bit 

• Port P2 pull-up transistor bit 

• Port P3 pull-up transistor bit 

• Port P4 pull-up transistor bit 

• Port P5 pull-up transistor bit 

• Port P2 key on wake up 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.3—7 


V 


Vi 


Supply voltage for LCD V L1 ~V L3 


V L i<V L2 <V L3 


-0. 3~Vcc+0. 3 


V 


Vi 


Input voltage P0 ~P0 7 , P2 ~P2 7 , P3 , P3 1( 
P4 ~P4 3 , INo~IN 7 , V REF> X, N 




—0. 3~Vcc+0. 3 


V 


V, 


Input voltage CNVss 




-0.3—7 


V 


V, 


Input voltage INT 1t RESET, P1 ~P1 7 , 
P3 2 ~P3 7 , P5 ~P5 7 




-0.3—10 


V 


Vo 


Output voltage P0 ~P0 7 , P2 ~P2 7 , P3 0l P3 1( 

COM ~COM 3 , SEG ~SEG 2 3. Xout 




-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage P1 ~P17. P3 2 ~P3 7 , P5 ~P5 7 




-0.3—10 


V 


Pd 


Power Dissipation 


T a = 25°C 


300 


mW 


Topr 


Operating temperature 




—20—75 


°C 


Tstq 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =2.5~5.5V, V ss =0V, T a =-20~75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage (Note 1 ) 


f(X, N )= 8 MHz High-speed mode (Note 2 ) 


4.5 




5.5 


V 


f(X| N )= 8 MHz Low-speed mode or 
f(X| N )= 2 MHz High speed mode 


2.5 




5.5 


Vss 


Supply voltage 











V 


V, H 


"H" input voltage P0 ~P0 7 , P3 , P3i, P4 ~P4 3 , 
Xi N , CNVss (Note 3) 




0. 7V CC 




Vcc 


V 


V,h 


"H" input voltage P2 ~P2 7 




0.8V CC 




Vcc 


V 


V,H 


"H" input voltage P1 ~P1 7 . P3 3 ~P3 7 , P5 1 ~P5 7 , S, N 




0. 7V CC 




10 


V 


V, H 


"H" input voltage P3 2 , P5 , INT 1f INT 2 , INT 3l 

CNTl cnt 2 , sig, clk 




0.8V CC 




10 


V 


V, H 


"H" input voltage RESET, X| N> X C in 




0. 85V CC 




10 


V 


VlL 


"L" input voltage P0 ~P0 7 , P1 ~P17, P3 , P3-i 

P3 3 ~P3 7 , P4o~P4 3l PSt-PS?, S, N 









0. 3V CC 


V 


V,l 


"L" input voltage P2 ~P2 7 , P3 2 , P5 , INTl INT 2 , INT 3 , 
CNT 1f CNT 2 , SIG, CLK 









0. 2V CC 


V 


V, L 


"L" input voltage RESET, X, N , X C in 









0. 15V CC 


V 


'OH 


"H" output current P0 ~P0 7 , P2 ~P2 7 , X ut ( Note 4 ) 








-1 


mA 


l0L 


"L" output current P0 ~P0 7 , P2 ~P2 7 , P3 ~P3 7 

P5 ~P5 7 , X 0UT , PWM0-PWM3, 
T, Sout, CLK, S^, SIG (Note 5 ) 








1 


mA 


loL 


"L" output current P1 ~P1 7 (Note 6) 


V cc =4. 5-5. 5V 






20 


mA 


f(x IN ) 


Clock oscillating frequency 




0.2 




8.2 


MHz 


f(X C | N ) 


Clock oscillating frequency for clock function 




30 




50 


kHz 



1 When only maintaining the RAM data, minimum value of V C c is 2 V. 

2 We say the high-speed mode, when the system clock is chosen X| N /4, and the low-speed mode, when the system clock is chosen X, N /16. 

3 When P3T is used as X C iN, V, H and V| L of P3! is 0.85Vcc^V,h^V C c and 0^V| L ^0.15V CC . 

4 The total loH(peak) of P° rt p °. P2 and Xout is less than 35mA. 

5 The total loH(peak) of P ort p 0. p2 > P3 and P5 is less than 32mA. 

6 The total peak current of l OL of port P1 is less than 80mA and the average current of total l i_ of port P1 is less than 40mA. 
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ELECTRICAL CHARACTERICS (v ss =ov, T a =- 


-20~75°C f(X, N )= 8 MHz, unless otherwise noted) 








Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage P0 ~P0 7 , P2 ~P2 7 


V CC =5V, l OH =-0.5mA 


4 






V 


V CC =3V, l O H=-0.3mA 


2.4 






Voh 


"H" output voltage X ut 


V CC =5V, l OH =-0.3mA 


4 






V 


V C c=3V,loH=-0.1mA 


2.4 






Vol 


"L" output voltage P0 ~P0 7 , P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7l T, Sout, CLK, 
S^dy, SIG, PWM0-PWM3 


V CC =5V, l 0L =1mA 






1 


V 


V CC =3V, l O L=0.5mA 






0.6 


Vol 


"L" output voltage P1 ~P1 7 


V CC =5V, l O L=20mA 






2 


V 


V C c=3V, l OL =10mA 






1.5 


Vol 


"L" output voltage Xout 


Vcc=5V, l OL =0. 3mA 






1 


V 


V CC =3V, l OL =0.1mA 






0.6 


V t +-V t - 


Hysteresis INT,. INT 2 , INT 3 , CLK, CNT,, 
CNT 2 , SIG, S, N , P2 ~P2 7 ,X C iN 


V CC =5V 




0.7 




V 


Vcc=3V 




0.5 




v T +-v T _ 






V CC =5V 




2 




V 






V CC =3V 




1.2 




v T +-v T - 


Hysteresis X| N 


V CC =5V 




0.5 




V 


V CC =3V 




0.35 




IlL 


"L" input current |P0 o ~P0 7 , P1 ~P17, P2 ~P2 7 , P3 ~P3 7 , 

P4 ~P4 3 , P5 ~P5 7 | without pull-up T r , (Note 1), 
IN ~IN 7 , INT,, RESET, X, n 


V CC =5V V,=0V 






-5 


M A 


V CC =3V V,=0V 






-3 


I.H 


"H" input current P0 ~P0 7 , P2 ~P2 7) P3 , P3i 

P4o~P4 7 , IN ~IN 7 , Xin, Xcin, CNV S s 


V CC =5V V,=5V 






5 


juA 


V CC =3V V,=3V 






3 


llH 


"H" input current fP1 — PI7. P3 ~P3 7 , P5 ~P5 7 | without pull-up T r , 
INTlINTz, INTg.CNTL 
CNT 2 , SIG, RESET, S| N , CLK 


V,=10V 






10 


MA 


Rpu 


Pull-up T r , P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3o~P3 7 , P4 ~P4 3 , P5 ~P5 7 


V CC =5V, V,=0V 


35 


70 


140 


kO 


V CC =3V, V,=0V 


60 


120 


240 


Room 


Output impedance COM ~COM3 


Vli=V cc /3 

V L2 =2Vu, 

V L3 =Vcc 

Other COM, SEG 

pins are opend. 


V CC =5V 




200 




O, 


V CC =3V 




500 




Rs 


Output impedance SEG ~SEG 2 3 


V CC =5V 




2 




kQ 


V CC =3V 




3 




Ice 


Supply current 


at operation 


f(X, N )=8MHz High-speed mode V CC =5V 




6 




mA 


f(X IN )=32kHz, V CC =3V 




18 




mA 


at wait mode 


f(X, N )=32kHz, V CC =3V 




4 




juA 


at stop mode 


T a =25°C 




0.1 




Vram 


RAM retention voltage 




2 




5.5 


V 



Note 1 '. Also the same when each port is used as INT 2 , INT 3 , CNT^ CNT 2 , SIG, S )N and X C | N . respectively. 
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DESCRIPTION 

The M37415M4-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

This microcomputer is also suitable for applications which 
require controlling LCDs and generating DTMF. 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size 

ROM 8192 bytes 

RAM • 512 bytes 

RAM for display LCD 16 bytes 

© Instruction executing time 

minimum instructions, at 3.2 MHz frequency 2.5 /us 

minimum instructions, at 1.6MHz frequency 5jus 

minimum instructions, at 800kHz frequency 10 jus 

minimum instructions, at 400kHz frequency 20>s 

• Single power supply 

f(X, N )=400kHz, or 800kHz 2.5^V CC ^5.5V 

f(X, N ) = 1.6MHz, or 3.2MHz '•• 4.5V^V CC ^5.5V 

® Power dissipation 

normal operation mode (at 3.2MHz frequency) 
•••4.0mA (DTMF output V CC =5.0V typ.) 
•••3.0mA (DTMF off V CC =5.0V typ.) 

low-speed operation mode (at 32kHz frequency for 

clock function) 

-45a/ A (V cc =5.0Vtyp.) 

stop mode (at 25°C) 1/M (max.) 

© RAM retention voltage (stop mode) 2V^V RA m^5.5V 

© Subroutine nesting 64 levels (max.) 

© Interrupt 8 types, 5 vectors 

© 8-bit timer •••••••3 (2 when used as serial I/O) 

© 16-bit timer 1 (Two 8-bit timers makes one set) 

• Programmable I/O ports 

(Ports P0, P1, P2, P3) • 32 

• Input port (Port P4) 8 

© Serial I/O (8-bit) : 1 

• DTMF (Dual-Tone Multi-Frequency) generator--- Built-in 

• LCD controller/driver 

(1/2,1/3, bias, 1/2, 1/3, 1/4 duty) 

segment output 32 

common output 4 

resistor for LCD power supply • ••••Built-in 

© Two clock generator circuits (One is for main clock, the 
other is for clock function.) 

APPLICATION 

Home telephone, Multi function telephone 
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FUNCTIONS OF 


M37415M4-XXXFP 




Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2. 5/iS (minimum instructions, at 3. 2MHz frequency) 
bys (minimum instructions, at 1.6MHz frequency) 
10/is (minimum instructions, at 800kHz frequency) 
20jus (minimum instructions, at 400kHz frequency) 


Clock frequency 


3. 2MHz, 1.6MHz, 800kHz, 400kHz 


Memory size 


ROM 


8192 bytes 


RAM 


512 bytes 


RAM for display LCD 


16 bytes 


Input/Output ports 


PO, P1, P2, P3 


I/O 


8-bitX4 


P4 


Input 


8-bitX1 (Port P4 are in common with SEG) 


SEG 


LCD output 


32-bitX1 


COM 


LCD output 


4-bitX1 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX3 (X2, when serial I/O is used) 


16-bit timerXI (combination of two 8-bit timers) 


LCD controller/driver 


Bias 


1/2, 1/3, bias selectable 


Duty ratio 


1/2, 1/3, 1/4 duty selectable 


Common output 


4 


Segment output 


32(SEG 2 4~SEG3 1 are in common with port P4) 


Subroutine nesting 


64 (max.) 


Interrupt 


Two external interrupts, Three timer internal interrupts 
(or two timer, one serial I/O) 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator) 


Supply voltage 


2. 5—5. 5V( RAM retention voltage at clock stop is 2—5. 5V) 


Power dissipation 


DTMF output 


At high-speed 
operation V C c = 5V 


20mW (at clock frequency f(X, N )=3.2MHz) 


DTMF off 


At high-speed 
operation V C c— 5V 


15mW (at clock frequency f(X, N ) = 800kHz) 


At low-speed 
operation V C c=5V 


255/iW (at clock frequency f(X C iN) = 32kHz) 


At stop mode 


5,uW (max. 25°C) 


Input/Output 
characteristics 


Input/Output voltage 


5V 


Output current 


loH=-2mA(V H=3V) 


loL=10mA(V O L=2V) 


Pull-up current : Min.— 30/M, Max.— 140/iA, Typ. — 70/M 
(V CC =5V input voltage 0V) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
V S s 


Supply voltage input 




Power supply inputs 5V±10% to V C c and OV to V S s- 


CNV S s 


CNVss input 




Connect to Vss- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and X ut pins. If an external 
clock is used, the clock source should be connected the X| N pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 


Hsjt7 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is CMOS output. 


P1o~P1r 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2o~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , x 
P3 6 , P3 5 , and P34 work as Srdy, CLK, Sout, and S| N pins, respectively. Also P3 3 , P3 2 , P2>i, and P3 work as 
timer 3 overflow signal divided by 2 output pin (T), INT 2 pin, X C in and Xcout pins, respectively. 


P4 ~P4 7 


Input port P4 


Input 


Port P4 is an 8-bit input port and can be used as segment output pins. 


V >- 


Voltage input for LCD 


Input 


This is a voltage input pin for LCD. Supply voltage is OV^ V L ^V C c- 0V~V LV is supplied to LCD. 


COM ~ 
COM 3 


Common output 


Output 


These are the LCD common output pins. At 1/2 duty, COM 2 and COM3 pins are not use. At 1/3 duty, COM3 
pin is not used. 


SEG ~ 
SEG23 


Segment output 


Output 


These are LCD segment output pins. 


CNTR 


Counter I/O 


I/O 


This is an output pin for timer 4 and 5. 


v REF 


D-A convert power 
supply for DTMF 




Reference voltage input for A-D converter of DTMF. 


Tone 


DTMF output 


Output 


This is DTMF output pin. 
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BASIC FUNCTION BLOCKS 

MEMORY 

A memory map for the M37415M4-XXXFP is shown in Fig- 
ure 1. Addresses 2000 16 to 3FFF 16 are assigned for the 
built-in ROM area which consists of 8192 bytes. Addresses 
3F00i 6 to 3FFF 16 are a special address area (special 
page). By using the special page addressing mode of JSR 
instruction, subroutines address on this page can be called 
with only 2 bytes. Addresses 3FF4 16 to 3FFF-| 6 are vector 
addresses used for the reset and interrupts (see interrupts 

9UO, 



chapter). 

Address 0000 16 to 00FF 16 are the zero page address area. 
By using zero page addressing mode, this area can also be 
accessed with 2 bytes. The use of these of these addres- 
sing methods will greatly reduce the object size required. 
The RAM, I/O port, timer, etc. addresses are already 
assigned for the zero page. Addresses 0000 16 to 007F 16 
and 0100 16 to 027F 16 are assigned for the built-in RAM 
which consists of 512 bytes. This RAM is used as the stack 
during subroutine calls and interrupts, in addition to data 
storage. 



Zero page 

ROM 
(8192 bytes) 


RAM 
(128 bytes) 

RAM 
for 
LCD 

(16 bytes) 

RAM 
(384 bytes) 

Special 

page 

for 

subroutine 

call 


0000 16 

007F 16 

00D0 16 
00DF 16 

00FF 16 
0100 16 

027F 16 

2000 16 

3F00 16 
3FF4 16 

3FFF 16 




Decimal 



/ 
/ 
127 / 

/ 
/ 

208 

'223 

255 

\' 

\ 
\ 
\ 

\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

INT 2 \ 
Serial I/O \ 
or Timer 3 
Timer 2 \ 
Timer, 1 

INT! 


/00E0 16 
/ 00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
\ 00FD 16 
\ 00FE 16 
V 00FF 16 








Port PO 




Port PO Ster nal 


Port P1 


o«^+ en directional 
Port P1 register 


Not used 


Port P2 


D/->rt do directional 
Port P2 register 










Port P3 


o«,t no directional 
Port P3 register 




Port P4 






Not used 


















DTMF register 




LCD mode register 


Serial I/O mode register 


Serial I/O register 


Timer 4, 5 mode register 


Timer 1 


Address" C" 
Address H 


Timer 2 


Address l_ 
Address H 


Timer 3 


Address L 
Address H 


Timer 4 


Address L 
Address H 


Timer 5 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


RESET 

16383 


Timer control register 









Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers are shown in Figure 2. 

ACCUMULATOR(A) 

The 8-bit accumulator A is the main register of the micro- 
computer. Data operations such as data transfer, input/out- 
put, etc., is executed mainly through the accumulator. 

INDEX REGISTER X(X) 

The index register X is an 8-bit register. In the index regis- 
ter X addressing mode, the value of the OPERAND added 
to the contents of the index register X speifies the real 
address. When the T flag in the processors status register 
is set to "1", the index register X itself becomes the 
address for the second OPERAND. 

INDEX REGISTER Y(Y) 

The index register Y is an 8-bit register. In the index regis- 
ter Y addressing mode, the value of the OPERAND added 
to the contents of the index register Y specifies the real 
address. 



STACK POINTER(S) 

The stack pointer is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subrotine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction. 
When an interrupt occurs, the higher 8 bits of the program 
counter is pushed into the stack first, the stack pointer is 
decremented, and then the lower 8 bits of the program 
counter is pushed into the stack. Next the contents of the 
processor status register is pushed into the stack. When 
the return from interrupt instruction (RTl) is executed, the 
program counter and processor status register data is pop- 
ped off the stack it reverse order from above. 
The accumulator is never pushed into the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the accumulator to its 
previous value is accomplished by the Pop Accumulator in- 
struction (PLA) . It is executed in the reverse order of the 
PHA instruction. 

The contents of the Processor Status Register (PS) are 
pushed and popped to and from the stack with the PHP 
and PLP instructions, respectively. 

During a subroutine call, only the Program Counter is 
pushed into the stack, Therefore, any registers that should 
not be destroyed should be pushed into the stack manually. 
To return from a subrotine call, the RTS instruction is used. 



7 







A ' 


7 







X 


7 







Y 


7 







S 



15 


7 


PC H '(Note) 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

— Carry flag 

— Zero flag 

— Interrupt disable flag 

— Decimal mode flag 

— Break flag 

— Index X mode flag 

— Overflow flag 

— Negative flag 



Note i PC H uses 6 bits only. 



Fig.2 Register structure 
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PROGRAM COUNTER(PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 
PC H is only 6 bits long. 

PROCESSOR STATUS REGISTER(PS) 

The 8-bit PS is composed entirely of flags used to indicate 
the condition of the processor immediately after an opera- 
tion. Branch operations can be performed by testing the 
Carry flag (C) , Zero flag (Z) , Overflow flag (V) or the 
Nagative flag (N) . Each bit of the register is explained 
below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic Logic Unit (ALU) immediately after an opra- 
tion. It is also changed by the shift and rotate instructions. 
The set carry (SEC) and clear carry (CLC) instructions allow 
direct access for setting and clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate opration 
generated a zero result or not. If the result is zero, the zero 
flag will be set to"0". If the result is not zero, the zero flag 
will be set to "1". 

3. Interrupt disable flag (I) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt is 
accepted, this flag is automatically set to "1" to prevent 
from other interrupts until the current interrupt is completed. 
The SEI and CLI instructions are used to set and clear this 
flag, respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is "0", the operations are ex- 
ecuted in binary. Decimal, correction is automatically ex- 
ecuted. The SED and CLD instructions are used to set and 
clear this flag, respectively. 



5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the B flag will 
be "1", otherwise, it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the memorry 1 ). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the T flag, respectively. 

7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as signed binary number. When the result ex- 
eceeds +127 or —128, the overflow flag is set to "1". 
When the BIT instruction is executed, bit 6 of the memory 
location is input to the V flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or opration is negative (bit 7 is "1"). Whenever the BIT 
instruction is executed, bit 7 of the memory location is input 
to the N flag. There are no instructions for directly setting or 
resetting the N flag. 
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INTERRUPT 

The M37415M4-XXXFP can be interrupted from eight 
sources; INT 1t Timer 1, Timer 2, Timer 3 or Serial I/O, INT 2 
or key on wake up, and BRK inctruction. 
The value of bit 2 of the serial I/O register (address 
00F6 16 ) determines whether the interrupt is from timer 3 or 
from serial I/O. When the bit 2 is "1" the interrupt is from 
serial I/O, and when bit 2 is "0" the interrupt is from timer 
3. Also, when bit 2 is "1", parts of port 3 are used for serial 
I/O. Bit 7 of the serial I/O register determines if an inter- 
rupt is from INT 2 or from "key on wake up". When bit 7 is 
"0", the interrupt is from INT 2 . When bit 7 is "1" the interrupt 
is from "key on wake up", "key on wake up" can only be 
used at power down by the STP or WIT instruction. These 
interrupts are vectored and their priorities are shown in 
Table 1. Reset is included in this table since it has the 
same function as interrupt. 



Table 1 Interrupt vector address and priority 



Interrupt 


Priority 


Vector address 


RESET 


1 


3FFF 16> 3FFE 16 


INT! 


2 


3FFD 16> 3FFC 16 


Timer 1 


3 


3FFB 16 , 3FFA 16 


Timer 2 


4 


3FF9 16 , 3FF8 16 


Timer 3 or serial I/O 


5 


3FF7 16 , 3FF6 16 


INT 2 or key on wake up(BRK) 


6 


3FF5 16l 3FF4 16 



rC0 



rCT 



rO= 



F<F> 



iO 



Interrupt 
request 




k£J 



Interrupt disable flag I 



-Reset 



I Interrupt control register (Address O0FE 16 ) 

Bit 7 : INT, pin interrupt request bit 

Bit 6 : INT pin interrupt enable bit 

Bit 5 ' Timer 2 interrupt request bit 

Bit 4 : Timer 2 interrupt enable bit 

Bit 3 : Timer 3 interrupt or serial I/O interrupt request bit 

Bit 2 : Timer 3 interrupt or serial I/O interrupt enable bit 

Bit 1 : INT 2 pin interrupt request bit 

BitO : INT 2 pin interrupt enable bit 



Timer control register (Address 00FF 16 ) 

Bit 7 '. Timer 1 interrupt request bit 
Bit 6 : Timer 1 interrupt enable bit 
Bit 5 : Timer 1 count stop bit 
Bit 4 : Timer 3 count source selection bit 
Bit 3 '. Timer 2 count source selection bit 
Bit 2 : Timer ] count source selection bit 



Flg.3 Interrupt control 
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When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, as discussed in 
the stack pointer section, and the interrupt disable flag (l) 
is set, and the program jumps to the address specified by 
the interrupt vector, and the interrupt request bit is cleared 
automatically. The reset interrupt is the highest priority in- 
terrupt and can never be inhibited. Expect for the reset in- 
terrupt, all interrupts are inhibited when the interrupt dis- 
able flag is set to "1". All of the other interrupts except key 
on wake up function can further be controlled individually 
via the interrupt control register shown in Figure 3 An inter- 
rupt is accepted when the interrupt enable bit and the in- 
terrupt request bit are both "1" and the interrupt disable 
flag is "0". The interrupt request bits are set when the fol- 
lowing conditions occur: 

(1) When the INT-i or INT 2 pins goes from "H" to "L" 

(2) When the levels any pin of P2 goes "L" (at power 
down mode) 

(3) When the contents of timer 1, timer 2, timer 3 or the 
counter of serial I/O goes to "0" 

These request bits can be reset by a program but can 
not be set. 

Since the BRK instruction interrupt and the INT 2 inter- 
rupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt of if INT 2 generated the 
interrupt. 



TIMER 

The M37415M4-XXXFP has five timers; timer 1, timer 2, 
timer 3, timer 4, and timer 5. The interrupt of timer 3 cannot 
be used when serial I/O is used (see serial I/O section). 
The count source for timer 1, timer 2, timer 3 can be 
selected by using bit 2, 3 and 4 of the timer control register 
(address 00FF 16 ), as shown in Figure 5. A block diagram of 
timer 1 through 5 is shown in Figure 4. All of the timers are 
down count timers and have 8-bit latches. When a timer 
reaches "0" and the next count pulse is input to a timer, the 
contents of the reload latch are loaded into the timer. The 
■division ratio of the timers is 1/(n+"l), where n is the con- 
tents of timer latch. 

The timer interrupt request bit is set at the next count pulse 
after the timer reaches "0". The interrupt and timer control 
registers are located at addresses 00FE 16 , and 00FF 16) re- 
spectively (see interrupt section) . The starting and stop- 
ping of timer 1 is controlled by bit 5 of the timer control 
register. If bit 5 (address 00FF 16 ) is "0", the timer starts 
counting. When bit 5 is "1", the timer stops. 
After a STP instruction is executed, timer 2, timer 1, and the 
clock {</> divided by 4) are connected in series (regardless 
of the status of bit 2 though 4 of the timer control register). 
This state is canceled if timer 2 interrupt request bit is set 
to "1", or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 1, 
count stop bit) , bit 6 of the timer control register (timer 1 
interrupt enable bit) , and bit 4 of interrupt control register 
(timer 2 interrupt enable bit) must be set to "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 
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Fig.4 Block diagram of timers 1 through 5 
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TIMER 4 AND TIMER 5 MODES 

(1) Timer mode [00]. 

The internal clock divided by 4 is counted. When the 
timer counts to "0", the interrupt request bit is set to 
"1", the contents of the timer latch is reloaded, and the 
counting starts again. 

(2) Pulse output mode [01]. 

The output level of the CNTR pin inverts each timer the 
timer contents to zero. 

(3) Event counter mode [10]. 

The same function is executed as that of mode "00", 
except that the counting source is input from the CNTR 
pin. The count decreased each time the CNTR input 
goes from "L" to "H". 

(4) Pulse width measurement mode [11]. 

This mode is used to measure the pulse width of a sig- 
nal (between "L"s) input into the CNTR pin. The count- 
ing is done using the oscillation frequency divided by 
4, and only while the CNTR pin is at a low level. When 
the contents of the counter reaches zero, the timer 5 
overflow flag is set to "1", the timer is reloaded from 
the reload latch, and counting starts again. The over- 
flow flag can be reset by writing a "0" to bit 7 of 
address 00F8 16 . 

The structure of timer 4, 5 mode register is shown in 
Figure 6. 



[L 



Timer control register 
(Address 00FF 16 ) 



00 : 

01 : 
10 : 
11 : 



Single-chip mode 
Not used 
Not used 
Not used 



. Timer 1 count source selection bit 

: 4> divided by 4 

1 : Timer for clock (X C in) 

Timer 2 count source selection bit 

: Timer 1 overflow 

1 : Timer for clock (X C | N ) 

- Timer 3 count source selection bit 

: 4> divided by 4 

1 : Timer 2 overflow 

Time' 1 count stop bit 

'. Count start 

1 : Count stop 

- Timer 1 interrupt enable bit 

'. Interrupt inhibit 

1 : Interrupt enable 

- Timer 1 interrupt request bit 

: No interrupt request 

1 '. With interrupt request 



Fig.5 Structure of timer control register 



r 



Timer 4, 5 mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 .' Event counter mode 

11 1 Pulse width measurement mode 



Timer 4, 5 
mode register 
(Address 00F8 16 ) 

CNTR input level 

: at "L" level 

1 : a t "H" level 
INTt input level 

: at "L" level 

1 : at "H" level 



- Timer 4, 5 count stop bit 

: Count start 

1 : Count stop 

-Timer 5 overflow bit 

: No timer 5 overflow 

1 : With timer 5 overflow 



Fig.6 Structure of timer 4, 5 mode register 
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PORT P3 3 /TIMER 3 OUTPUT 

The signal that timer 3 is divided by 2 is output from P3 3 
(T), at the contents of bit 4 of the serial I/O mode register 
(address 00F6 16 ) is "1". 

WATCHDOG TIMER FUNCTION 

Timer 4 and 5 can be used as a watchdog timer by con- 
necting the CNTR pin and the RESET pin as shown in Fi- 
gure 7, and by setting bit 4 and 5 of address 00F8 16 to "01". 
At this time the output of the 1/2 divider counter 
(connected to timer 5) is initialized to "1" when data is 
written to timer 5. After a delay of 12.5 to 15.0/^s (at f(X IN ) 
= 800kHz) after the reset is input, bits 4,5 and 6 of the tim- 
er 4,5 mode register are initialized to "0". The initialization 
program to set the watchdog timer mode should have the 
following sequence; 

(1 ) Set the pulse output mode after writing a value to timer 
4 and 5 registers. 

(2) If the program is running correctly, the CNTR pin 
should never go low due to data being continuously 
written to timer 5. If the program sequence is inter- 
rupted timer 5 will overflow and the CNTR pin will out- 
put a "L" and retain this value until the reset is ex- 
ecuted. 

(3) 12.5 to 17.5/iS (at f (X, N ) = 800kHz) after a reset/the 
CNTR pin will be in high impedance state. 



M37415M4-XXXFP ■ 
CNTR 



RESET 



29 



-& 



-AAAr- 
R, 



D 

-H- 



-AAAr— J 
R 2 



T 



C and D are for power-on reset. 



Fig.7 Reset circuit with the watchdog timer 
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SERIAL I/O 

The block diagram of serial I/O is shown in Figure 8. In the 
serial I/O mode the receive ready signal (S RD y), synchro- 
nous input/output clock (CLK), and the serial I/O (S 0U t. 
S, N ) pins are used as P3 7 , P3 6 , P3 5l and P3 4 , respectively. 
The serial I/O mode register (address 00F6 16 ) is an 8-bit 



register. Bit and 1 of this register is used to select a syn- 
chronous clock source. When these bits are [00] or [01], an 
external clock from P3 6 is selected. When these' bits are 
[10], the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 
[11], the internal clock i> divided by 4 becomes the clock. 



Internal I "1 

clock * ~ j 1/4 n 

P3 7 Q s "°v . vj_ 



P3 6 



o 



P3 5 O 
P3 4 O- 



S,N 



from internal clock 
divided by 4 or 
Timer2 



E 



4 



Timer3(8) 



Prescaler (Address 00FB 16 ) 




Serial I/O counter (3) 




Transfer clock 



MSB Serial I/O register (8) LSB 

(Address 00F7 16 ) J j^ 
Data bus 



INT 2 source selection bit (at STP/WIT)- 

: P3 2 (INT^) 

1 : P2 ~P2 7 (key on wake up) 



Unsystem clock operation bit 

: HALT 

1 '. operation 

Timer for clock port selection bit (P3 , P3,) - 

: P3 , P3 t (Normal I/O port) 

1 • X C | Nl Xcout 



Output of clock port selection bit (P3 3 ) • 

: P3 3 (Nomal I/O port) 

1 :t 



Serial I/O mode register 
(Address 00F6 16 ) 



. Synchronous clock selection bit 

00 : 



External clock 

ui . i - ( 

1 : Timer 3 overflow signal divided by 2 

11 '. Timing 4> divided by 4 



Serial I/O port selection bit (P3 5 , P3 6 ) 

: Normal I/O port 

1 : Serial I/O port 



S RDY signal output selection bit (P3 7 ) 

: Normal I/O port 

1 '. S RDY signal output pin 



Fig.8 Block diagram of serial I/O 
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Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P3 6 . , 
And P3 5 will be a serial output, and P3 4 will be a serial in- 
put. To use P3 4 as a serial input, set the directional register 
bit which corresponds to P3 4 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3 6 will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer 3. Bit 3 
determines if P3 7 is used as an output pin for the receive 
data ready signal (bit 3="1", S RDY ) or used as a normal I/O 
pin (bit 3="0"). 

The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock- The S RDY signal becomes "H" during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister. After the faling edge of write signal, the S RDY signal 



becomes low signaling that the M37415M4-XXXFP is ready 
to receive the external serial data. The S RDY signal goes 
"H" at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial I/O 
register. At each falling edge of the transfer clock, serial 
data is output to P3 5 . During the rising edge of this clock, 
data can be input from P3 4 and the data in the serial I/O 
register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 
I/O register will be empty and the transfer clock will remain 
at a high level. At this time the interrupt request bit will be 
set. 

External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 50kHz at a duty 
cycle of 50%. 

Timing diagrams are shown in Figure 9, and connection be- 
tween two M3741 5M4-XXXFP's are shown in Figure 10. 



synchronousclock n_ruiJTJxrijn_rLriJiJTJi_r^ 
ljxjixijijijijtJ" — ~~ 



Transfer clock 



Serial I/O register write 
signal 

Serial I/O output 
Sout 

Serial I/O input 

Sin 

Receivable signal 

S RD y 



R 



T 



XZDGDQX^DCEX^DG^ 



rDCDCDCDCDCJCX 



i_r 



Interrupt request bit set 



, Flg.9 Serial I/O timing 







Senc 


ing side 




P3 7 






Receiving side 




Serial I/O mode register 


S RDY P3 7 


Serial I/O mode register 


bit 3 bitO 




P3 6 


Synchronous clock P3 6 _ 


bit 3 bitO 









1 


1 









1 


1 





X 






Set the directional 






Set the directional 




in input mode. 


P3 5 


Serial data P3 4 


in input mode. 
















^ 















Fig. 10 Example of serial I/O connection 
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DTMF FUNCTION 

The M37415M4-XXXFP has the DTMF (Dual-Tone Multi- 
Frequency) output and control function. The value of bit 0, 
and bit 1 of DTMF register (address 00F4 16 ) determines 
the low frequency band value. And the value of bit 2, and 
bit 3 of DTMF register determines the high frequency band 
value. The DTMF output can be controlled by the value of 
bit 4, and bit 5 of the DTMF register. When bit 4 is "1" the 
low frequency band is output to Tone, and when bit 4 is "0" 
the output of low frequency band is stopped. When bit 5 is 
"1" the high frequency band is output to Tone, and when bit 
5 is "0" the output of high frequency band is stopped. 
The value of bit 6, and 7 of DTMF register determines the 
basic frequency. The structure of the DTMF register is 
shown in Figure 11. The accuracy of DTMF output value is 
shown in Table 2 and 3. 



DTMF register 
(Address 00F4 16 ) 

Low frequency band 
value selection 

00 : 697Hz 

01 : 770Hz 

10 : 852Hz 

11 : 941 Hz 
High frequency band 
value selection 

00 : 1209Hz 

01 : 1336Hz 

10 : 1477Hz 

11 : 1633Hz 
Low frequency band 
output control 

: stop 

1 : start 

_ High frequency band 
output control 

: stop 

1 : start 

DTMF basic froquoncy 
selection 

00 : f(X, N )=400kHz 

01 : f(X, N )=800kHz 
■10:f(X ir j) = 1.6MHz 

11 :f(X, N )=3.2MHz 



Fig. 11 Structure of the DTMF register 
Table 2 Accuracy of DTMF output (at low frequency band value) 



Standard frequency value [Hz] 


Output frequency value [Hz] 


Deflection 


Error [%] 


697 


694. 44 


-2. 555 


-0. 367 


770 


769. 23 


-0. 769 


-0.1 


852 


854.7 


2.7 


0.317 


941 


938. 97 


-2. 033 


-0.216 



Table 3 Accuracy of DTMF output (at high frequency band value) 



Standard frequency value [Hz] 


Output frequency value [Hz] 


Deflection 


Error [%} 


1209 


1204.8 


-4.181 


-0. 346 


1336 


1333.3 


-2. 667 


-0.2 


1 477 


1470.6 


6.412 


0.434 


1633 


1639.3 


6. 344 


—0. 389 
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LCD CONTROLLER/DRIVER 

The M37415M4-XXXFP has internal LCD controllers and 
drivers. A block diagram of LCD circuit is shown in Figure 
15. 

The terminals for LCD consist of 4 common-pin and 32 
segments pin. SEG 2 4~SEG 31 are in common with input P4. 
These pins are selected by bit 4 of the LCD mode register 
(LM 4l address 00F5 16 )- Two biases (1/2 and 1/3) can also 
be selected. When bit 2 of the LCD mode register is "1", 1/2 
bias is selected. When bit 2 is "0", 1/3 bias is selected. A 
1/2, 1/3, or 1/4 duty cycle can also be selected. When bits 
and 1 of the LCD mode register (LM , LIvO is n, the duty 
ratio is 1/(n+1). 

Address 00D0 16 ~ 00DF 16 is the designated RAM for the 
LCD display. When 1s' are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi- 
gure 13. The ON/OFF function for the LCD controller is 
controlled by bit 3 of the LCD mode register (LM 3 ). When 
this bit is "1" all the segments of the LCD are turned on. 
When this bit is "0" all the segments are turned off. An ex- 
ample circuit for each bias is shown in Figure 14 Figure 16 
and Figure 17 describes the LCD driver waveforms for 
each bias and duty cycle. 

The LCDCK timing frequency (LCD driver timing) is 
generated internally and the frame frequency can be deter- 
mined with the following equation; 

./. rnr . <)== (frequency of timer 1 count source) 
H Luuurx; ( (t|mer 1 settj 



3 2 1 



LCD mode register 
(Address 00F5 16 ) 



• Duty ratio selection bit 

01 : 1/2 duty 

10 : 1/3 duty 

11 : 1 /4 duty 

• Bias selection bit 

: 1/3 bias 

1 : 1/2 bias ' 



■ LCD turn on bit 

: OFF 

1 : on 



' P4/LCD segment selection 
bit 

: P4 ~P4 7 (input port) 

1 : SEG 24 ~SEG 3 i 

(segment output) 

• X C ouT drive ability selection 

: High bit 

1 : Low 



■ System clock selection bit 

: X/4 

1 : X c /2 



Frame frequency= 



f(LCDCK) 



; at T/h duty 



Fig. 12 Structure of the LCDjnode register 
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Y_E3it 
Address\ 


7 


6 


5 


4 


3 


2 


1 





DO 


1 


1 


1 


1 














D1 


3 


3 


3 


3 


2 


2 


2 


2 


D2 


5 


5 


5 


5 


4 


4 


4 


4 


D3 


7 


7 


7 


7 


6 


6 


6 


6 


D4 


9 


9 


9 


9 


8 


8 


8 


8 


D5 


11 


11 


11 


11 


10 


10 


10 


10 


D6 


13 


13 


13 


13 


12 


12 


12 


12 


D7 


15 


15 


15 


15 


14 


14 


14 


14 


D8 


17 


17 


17 


17 


16 


16 


16 


16 


D9 


19 


19 


19 


19 


18 


18 


18 


18 


DA 


21 


21 


21 


21 


20 


20 


20 


20 


DB 


23 


23 


23 


23 


22 


22 


22 


22 


DC 


25 


25 


25 


25 


24 


24 


24 


24 


DD 


27 


27 


27 


27 


26 


26 


26 


26 


DE 


29 


29 


29 


29 


28 


28 


28 


28 


DF 


31 


31 


31 


31 


30 


30 


30 


30 


00 o oooo 

oo o o o . O O -O 
* Number in data memory area indicates corresponding segment. 



Fig. 13 Map of RAM for LCD segment 



1/3 bias 



1/2 bias 



•-(i) 



bright control V r 



bright control V, 



LCD turn on bit 
(bit 3 of LCD 
mode register) 



V L 



R 4 



LCD turn on bit 
(bit 3 of LCD 
mode register) 



I 



Ri — R2 — R3 



R 4 =R 5 



Note 1 : The voltage for LCD bias (V L1l V L2 , V L3 ) are determined by internal voltage divided resistors. 

2 : The voltage of V u , and V L2 are switched as following Fig. 16 automatically by bit 2 of LCD mode register. 

3 '. The current of the internal voltage divided resistors that are through by bit 3 of LCD mode register are controlled by internal 

transistor. When the LCD are turned on, the internal transistor is turened on, and the transistor is turned off auto-matically, 
if the LCD are turned off. 



Fig. 14 Example of circuit at 1/3 bias, 1/2 bias 
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Fig. 15 Block diagram of LCD control circuit 
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Internal logic 
LCDCK timing 



1/4 duty 

COM 

COM, 



-n_r 



Voltage level 

V L3 

V L2 =V L1 

V s; 



■ J ~~l_r 



v S s 



COM 2 
COM 3 

SEG 



s ~L-r 



_r 



J~~l I — l_J 

y V / V_ 

)FF ON 



OFF 



— £ ^- — S— 



-^»- -S= ^- -SS :»- 



COM3 COM 2 COM, COM COM3 COM 2 COM, COM 



1/3 duty 
COMq 



COM, 



COM 2 



SEG 



ON OFF 



j~~i_j 1 r~L_J~ 

ON 



-V L3 

-V L2 =V L1 

-V ss 



ON 



OFF 



OFF 



-=*■ «S »- -< >» ^ *- «i ■>■ -S: =»- **? =»-' 



COM COM 2 COM, COM COM 2 COM, COM COM 2 



1/2 duty 



COM 
COM, 

SEGo 



" i 1 1 r 



-v L3 
-v L2 =v L1 

"V ss 



ON OFF ON OFF ON OFF ON OFF 



COM, COMo COM, COM COM, COM COM, COM 



Fig. 16 LCD drive waveform (at 1/2 bias) 
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Volage level 




OFF 



COM 3 COM 2 COM, COMo COM3 COM 2 COM, COM 

1/3 duty 



COMo 



COM, 



COM 2 



SEG 




COM COM 2 COM, COM COM 2 COM, COM COM 2 



1/2 duty 




COMt COMo COM, COM COM, COM COM, COM 



Fig. 17 LCD drive waveform (at 1/3 bias) 
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KEY ON WAKE UP 

"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port P2 has a "L" level applied, after bit 7 of the 
serial I/O mode register (SM 7 ) is set to "1", an interrupt is 
generated and the microcomputer is returned to the normal 
operating state. As shown in Figure 18, a key matrix can be 
connected to port P2 and the microcomputer can be re- 
tuned to a normal state by pushing any key. 



The key on wake up interrupt is common with the INT 2 in- 
terrupt. When SM 7 is set to "1", the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT 2 
are invalid. 

In order to enter the power down state generated by the 
STP or WIT instruction at the interrupt disable flag (I) is "0" 
and SM 7 is "1", all of port P2 must be input "H" 



Port P3 2 

-f- . directional register 

(Note!) 



/INT c> V 



P2 7 



■9 



x. 



P2o 



<y 



■ Port P3 2 data read circuit 



£> 



Port P2 7 
directional 

foetal > re9 , iS,er 



CPU stop state signal JET") 3 <l_^~ 



INT 2 interrupt 
request signal 



Port P2, 
Note 1 ) directional regiter 






Port P2 
Note 1 ) directional register 






y Port P2 data read circuit 



^ Port PX X 

^ "L" level output 



Note 1 : Pull-up transistor (mask option) 



Fig. 18 Block diagram of port P2 and P3 2 , and example of wired at used key on wake up 
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RESET CIRCUIT 

The M37415M4-XXXFP is reset according to the sequence 
shown in Figure 21. It starts the program from the address 
formed by using the content of address 3FFF 16 as the high 
order address and the content of the address 3FFF 16 as the 
low order address, when the RESET pin is held at "L" level 
for at least 8 rising edges of X, N while the power voltage is 



in the recommended oprating condition and the crystal 
oscillator oscillation is stable and then returned to "H" level. 
The internal initializations following reset are shown in Fig- 
ure 19. 

An example of the reset circuit is shown in Figure 20. 
When the power on reset is used, the RESET pic must be 
held "[_'' unitil the oscillation of X, n -X ut becomes stable. 



Address 






(1) Port PO directional register (00E1 16 ) 


00 16 








(2) Port P1 directional register (00E3 16 ) 


oo 16 






(3) Port P2 directional register (00E5 16 ) 


0016 






(4) Port P3 directional register (00E9 16 ) 


00 16 






(5) DTMF register (00F4 16 ) 


o|o|o|o| I I I 






(6) LCD mode register (00F5 16 ) 


oo 16 






(7) Serial I/O mode register (00F6 16 ) 


oo 16 






(8) Timer4, 5 mode register (00F8 16 ) 


0|0|0|0| I I I 






(9) Interrupt control register (00FE 16 ) 


oo 16 






CIO) Timer control register (00FF 16 ) I ' OOie 






(11) Interrupt disable flag for (PS) 


I I I I hi I 


processor status register 






(12) Program counter (PC H ) 


Contents of 
address 3FFF 16 










(PC L ) 


Contents of 
address 3FFE 16 




Note '. Since the contents of both regis 
those listed above (including timer 
I/O register) and the RAM are unde 
is necessary to set initial values. 


ters other than 
3 and the serial 
fined at reset, it 





Fig. 19 Internal state of microcomputer at reset 





M37415M4-XXXFP 

\ 


'cc 


RESET 


29 


, AAA 


17 






V V V 








*l 





T 



Fig.20 Example of reset circuit 



f(x, N ) 

RESET 

Internal 
RESET 

SYNC 
Address 

Data 



juiir. 



iinninnr 




8 — 1 2 clock cycles 



J~~L 



^00, SXW S-1X00, S-2X3FFEX3FFF/ ADH, AD^ 



D<Z)CD(E»aiD(E>GDSC: 



Reset address from the 
vector table 



Note 1 : Frequency relation of f(X, N ) and ^ is f(X, N ) =4- 4>. 
Note 2 : The mark " ? " means that the address is change- 
able depending upon the previous state. 



Fig.21 Timing diagram at reset 
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I/O PORTS 

(1) Port PO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00E0 16 . Port PO's directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00E1 16 ) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 

(2) Port P1 

Port P1 has the same function as PO. 

(3) Port P2 

Port P2 has the same function as PO. Following the ex- 
ecution of STP or WIT instruction. P2 can be used to 
generate the "wake up mode". This mode is used to 
bring the microcomputer back in its normal oprating 
mode after being in the power-down mode. 

(4) Port P3 

Port P3 has the same function as PO execept that part 
of P3 is common with the serial I/O lines (ie. output of 
timer 3, input/output of timer clock, and interrupt 
input). 



(5) Segment output (SEG ~SEG 23 ) 

These ports drive and control the LCD segments. 

(6) Port P4 

Port P4 is an 8-bit input port which can be used as a 
LCD segment output port. 

(7) Common output (COM ~COM 3 ) 

These port provides output drive and control for the 
LCD common lines. 

(8) Power supply for LCD (V L ) 
Supplies power to the LCD terminals. 

o) tnt; 

The INTt pin is an interrupt pin. The IN^ interrupt re- 
quest bit (bit 7 of address 00FE 16 ) is set to "1" when 
the input level of this pin changes from "H" to "L". This 
input level is read into bit 1 of the timer 4 and 5 mode 
register (address 00F8 16 ). 

(10) Wf 2 (lNTyP3 2 ) 

The INT 2 pin is an interrupt input pin common with P3 2 . 
When P3 2 's directional register is set for input ("0") , 
this pin can be used as an interrupt input. The INT 2 in- 
terrupt request bit (bit 1 of address 00FE 16 ) is auto- 
matically set to "1" when the input level of this pin 
changes from "H" to "L". 

(11) CNTR 

The CNTR pin is an I/O pin of timer'4 and 5. The input 
level is read into bit of the timer 4 and 5's mode reg- 
ister (address 00F8 16 ). 
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register 



Data bus <> 1 Port latch f - 
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Ports PO, P1 
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to — % 



interrupt control circu 



4-T<^ 

jit I Tr2 is pull-up 



Tr2 (mask option) 

— -O- 

Ports P2, P3 2 



transistor (mask option) 



Ports P3 , P3, , P3 3 , P3 4 , P3 6 , P3 7 



Vcc V cc 
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Port latch 



? 
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Ports P3 , P3L P3 3 , 
P3 4 , P3 6 , P3 7 



Tr3 is pull-up transistor (mask option) 



Fig.22 Block diagram of ports P0~P3 
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RESET 1 Timing circuit | f*. 
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< 
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Fig.23 Block diagram of ports P3, P4, CNTR, and IN^ 
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CLOCK GENERATING CIRCUIT 

The M37415M4-XXXFP has two internal clock generating 
circuit. Figure 26 shows a block diagram of the clock 
generating circuit. Normally, the frequency applied to the 
clock input pin X, N divided by four is used as the internal 
clock (timing output) 0. Bit 7 of LCD mode register can be 
used to switch the internal clocks to 1/2 the frequency ap- 
plied to the clock input pin X C in- 

Figure 24 shows a circuit example using a ceramic (or 
cystal) oscillator. Use the manufacture's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input form the X !N (X C in) pin and leave the X 0U t ( 
Xcout) pin open. A circuit example is shown in Figure 25. 
The M37415M4-XXXFP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X| N clock and X C!N clock) stops with the internal clock <j> 
held at "H" level. In this case timer 1 and timer 2 are forc- 
ibly connected and <f>/4 is selected as timer 1 input. Before 
executing the STP instruction, appropriate values must be 
set in timer 1 and timer 2 to enable the oscillator to stabil- 
ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 
("0"), timer 1 interrupt enable bit and timer 2 interrupt 
enablb bit must be set to disable ("0"), and timer 2 inter- 
rupt request bit must be set to no request ("0"). 
Oscillation is resarted (release the stop mode) when INTt 
INT 2 , key on wake up or serial I/O interrupt is received. 
The interrupt enaable bit of the interrupt used to release 
the stop mode must be set to "1". When restarting oscilla- 
tion with an interrupt, the internal clock <t> is held "H" unitil 
timer 2 overflows and is not supplied to the CPU. When 
oscillation is restarted by reset, "L" level must be kept to 
the RESET pin unitil the oscillattion stabilizes because no 
wait timer is generated. 

The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock </> stops at "H" 
level, but the oscillator does not stop. <f> is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. Instructions can be executed im- 
mediately because the oscillator is not stopped. The inter- 
rupt enable bit of the interrupt used to reset the wait mode 
must be set to "1" before executing the WIT instruction. 
Low power disspation operation is also achieved when the 
X| N clock is stopped and tte internal clock is generated 
from the X C , N clock. X iN clock oscillation is stopped when 
the bit 6 of serial I/O mode register (address 00F6 16 ) is set 
and restarted when it is cleared. However, the wait time 
until the oscillation stabilizes must be generated with a 
program when restaring. An "L" level must be kept to the 
RESET pin until the oscillation stabilizes when resetting 
while the X !N clock is stopped. Figure 27 shows the transi- 
tion states for the system clock. 



M37415M4-XXXFP 

X|N X OU t XciN Xcout 




Fig.24 External ceramic resonator circuit 
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Fig.25 External clock input circuit 
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SM 
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XcOUT 

O 



'•^^D- 1 



SM 5 




ii HJ>— 1/2 



Internal system 
clock source 
selection LM 7 



\__J— LM 7 



~^Wh>- 



Timer 1 



Timer 2 



Timer 1 
count source 
selection TM 2 



^> 



Timing <f> 
(internal clock) 



Q S 



-STP 
instruction 



S Q J I Q S 



WIT — |R 

instruction 



<^ 



-STP 
instruction 




INTt interrupt enable 
INT, interrupt Request 

Timer 1 interrupt enable 
Timer 1 interrupt request 

Timer 2 interrupt enable 
Timer 2 interrupt request 

Timer 3 interrupt enable 
(or serial I/O) 
Timer 3 interrupt request 
(or serial I/O) 

INT 2 interrupt enable 
INT 2 interrupt request 



Fig.26 Block diagram of clock generating circuit 
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Note 1 : At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing sys- 
tem clock. This time is set by program. 

2 : When SM 6 =1 and unsystem clock is operated, wait time necessary by program until oscillation becomes 

stable. 

3 : The case of example clock X=800kHz, clock X c =32kHz. 



Fig.27 External clock Input circuit 
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<An example of flow for system> 



Power on reset 

1 
Clock X oscillation 

1 
Internal system clock start (X— *;1/4-* 0) 



i. 



Program start from RESET vector' 



Normal program 



••••X c oscillation(SM 5 = 1 , SM 6 = 1 ) 
^Operating at 4 MHz 



S 



Clock for clock function X c power down (LM 6 : -* 1 ) 

Internal clock <f> source switching X(800kHz)—X CL K(32. 768kHz) (LM 7 : — » 1 ) 

Clock X halt(X c in operation) (SM 6 : 0) 

Internal clock halt(WIT instruction) 

i 
r-*Timer 1 (clock count)overflow 

1 
Internal clock operation start (WIT instruction released) 



Clock processing routine 



*- Operating at 32. 768kHz 



1 — Internal clock halt (WIT instruction) 

Interrupts from INT-,, timer 2, timer 3 or serial I/O, INT 2 , Key on wake up 
Internal clock operation start (WIT instruction released) 
Program start from interrupt vector 
Unsystem clock X oscillation start (SM 6 '. 1 ) 



Oscillation rise time routine (software) 



-Operating at 32. 768kHz 



1 
Internal clocks source switching (Xc~-*X)(LM 7 : 1 -*• ) 



S 



Normal program 



—Operating at 800kHz 



STP instruction preparation (pushing register ) 



4 
Timer 1 , and timer 2 interrupt disable, timer 2 interrupt request no request (TM 6 = , IM 5 = , IM 4 = ) 

Timer 1 count stop bit resetting(TM 5 = ) 

Clock X and clock for clock function X c halt (STP instruction) 
S 



RAM backup status 



Interrupts from INT n or serial I/O, INT 2 , key on wake up 

Clock X and clock for clock function X c oscillation start 

Timer 2 overflow (X/16 or X c /8-*timer 1 —timer 2 ) 
(Automatically connected by the hardware) 

1 
Internal system clock start (X/4 or X c /2-*0) 

Program start from interrupt vector 



Normal program 



5 
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1 ■ 4> '• X )N /4— .Xcin/2 (timing diagrams are shown situation A~C, because there are three kinds of waveform by the timing) 



Situation A _____'_', 

x,„ _njiJiJijn_rLrLnj 



(1-*LM 7 )R/W 



T 



r=r 



SYNC 



Situation B 



(1 — LM 7 )R/W 



_ruiJijnji_n_rLrL 



rzr 



H=L 



Situation C 



.JirUlXLTLTLfLTL 



(1— LM 7 ) R/W 

Xqin 



i r 



2 . 4> ■■ Xcin/2 — X 1N /4 



X|N 



(0-LM 7 )R/W 



TjrnriJiJiriJiJiJiJTrirL^ 

tzrf 



'J—T, 



J__r 



i r 



SYNC 



JZZT 



Note 1 : The "L" period of the R/W signal is shown the writling timing of setting value to LM 7 . 
2 .' The delay of timing is ignored. 



Fig.28 Timing diagram of the changing system clock 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+l). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instruction are only valid for the 
contents before the modifications are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers either 
while the input of the these timers are not changing or 
after timer 4, 5 count stop bit (bit 6 of address 00F8 16 ) 
is set to "1". 

Also, when the timer 1, timer 2, or timer 3 is input the 
clock except </>/4 or it divided by timer, control the 
same as above. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) When LCD turn-on bit (bit 3 of address 00F5 16 ) of the 
LCD mode register is "1", don't stop the timers or 
count source for timers. 

(7) The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in- 
struction. 

(8) Notes on controlling the clock generation circuit 

© When system clock is changed X m /4 to X CIN /2, set 

LM 7 to "1" after oscillation is stable by the software 

in side of clock X c . 
© When system clock is changed X c , N /2 to X, N /4, set 

LM 7 to "0" after oscillation is stable by the software 

in side of clock X. 
CD When SM 5 is "0" or when LM 7 is "0" and SM 6 is "0", 

LM 6 is automatically set to "0" by the hardware. 
® When system clock selection bit (bit 7 of address 

00F5 16 ) of the LCD mode register is "1", don't set 

SM 5 to "0". 
Just for reference, timing diagram of the changing system 
clock are shown in Figure 28. 



DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation from 

(2) mark specification from 

(3) ROM data EPROM 3 sets 

Write the following option on the mask ROM confirmation 
from 

• Port P0 pull-up transistor bit (see the confirmation form) 

• Port P1 pull-up transistor bit (see the confirmation form) 

• Port P2 pull-up transistor bit (see the confirmation form) 

• Port P3 pull-up transistor bit (see the confirmation form) 

• Port P3 5 /S ut output type (see the confirmation form) 

• CNTR pin pull up transistor (see the confirmation form) 
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DESCRIPTION 

The M37450M2-XXXSP/FP is a single-chip microcomputer 
designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices. The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

The differences among M37450M2-XXXSP/FP, M37450M4- 
XXXSP/FP and M37450M8-XXXSP/FP are as shown below. 
The descriptions that follow describe the M37450M2- 
XXXSP/FP unless otherwise noted. 



Type name 


ROM size 


RAM size 


M37450M2-XXXSP/FP 


4096 bytes 


128 bytes 


M37450M4-XXXSP/FP 


8192 bytes 


256 bytes 


M37450M8-XXXSP/FP 


16384 bytes 


• 384 bytes 



The number of analog input pins for the 80-pin model (FP 
version) is different from the 64-pin model (SP version). In 
addition, the 80-pin model has special pins for RD, WR, 
RESETqut. DAV REF) ADV REF , AV C c and the 64-pin model 
has a special V RE f pin. 

DISTINCTIVE FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions+2 multiply/divide 
instructions 
© Instruction execution time 

(Shortest instruction at 10MHz) 0.8/^s (min.) 

• Single power supply • •••5V±10% 

• Power dissipation normal operation mode 

(at 10MHz frequency) -30mW 

• Subroutine nesting "•••••• 64 levels max.(M37450M2) 

• Interrupts • 15 events 

• Master CPU bus interface 1 byte 

• 16-bit timer 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) •■ 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output (8 bit or 16 bit) 1 

• Programmable I/O 

(Ports P0, P1, P2, P3, P5, P6) "48 

• Input (Port P4) 3(DIP), 8(QFP) 

• Output (Port D-Al D-A 2 ) •• 2 

APPLICATION 

Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 



PIN CONFIGURATION (TOP VIEW) 



P3 7 /Srdy * 

P3 6 /S C LK * 

P3 5 /TxD * 

P3 4 /RxD * 

P3 3 /PWM OU T * 

P3 2 /EV 3 * 

P3,/EV 2 + 

P3 /EV, * 

P5 7 /DB 7 * 

P5 6 /DB 6 * 

P5 5 /DB 5 * 

P5 4 /DB 4 - 

P5 3 /DB 3 * 

P5 2 /DB 2 - 

P5,/DB, *■ 

P5 /DB - 

P6 7 /W *■ 

P6 6 /R * 

P65/CS - 

P64/AO - 

R6 3 /P^ - 

P6 2 /INT 3 *■ 

P6,/INT 2 - 

P6 /INT,- 
Read/Write — 

status output R/w *" 
Synchronous SYNC •»- 
signal output 

CNV ss -i 

Reset input RESET-' 

Clock input X, N -< 

Clock output Xout "*- 

Timing output <t>*~ 
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D-A output 



Input port P4 



I/O port P0 



Vcc 

AV SS ; 
~ Vref Reference voltage input 

- D-A, I 
-D-A 2 

- P4 /AN 
-P4 1 /AN 1 

- P4 2 /AN 2 

- POq/Aq 

- POVA, 

- P0 2 /A 2 

- P0 3 /A 3 

- P0 4 /A 4 

- PO5/A5 

- P0 6 /A 6 

- P0 7 /A 7 
■*P1 /A 8 
*P1i/A 9 
-P1 2 /A 10 
-Pla/A,, 
-P1 4 /A l2 
*P1 5 /Ai 3 
*P1 6 /A 14 

*P1 7 /A 15 

* P2 /D 
♦P2 1 /D 1 

* P2 2 /D 2 

* P2 3 /D 3 

* P2 4 /D 4 

* P2 5 /D 5 

* P2 6 /D 6 

- P2 7 /D 7 



I/O port P1 



I/O port P2 
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NC : No Connection 
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I/O port P6 



I/O port P5 / A ' DV bb Input port P4 r>A W ° P ° rt P3 



I/O port P2 



I/O port P1 



I/O port PO 



Note 1 : 256 bytes for M37450M4-XXXFP and 384 bytes for M37450M8-XXXFP. 

2 : 8192 bytes for M37450M4-XXXFP and 16384 bytes for M37450M8-XXXFP. 
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I/O port P6 



/AV. 
I/O port P5 V REF Input port P4 D-A ; 
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I/O port P3 



I/O port P2 



I/O port P1 



I/O port P0 



Note 1 : 256 bytes for M37450M4-XXXSP and 384 bytes for M37450M8-XXXSP. 

2 : 8192 bytes for M 37450 M4-XXXSP and 16384 bytes for M37450M8-XXXSP. 
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FUNCTIONS OF 


M37450M2-XXXSP/FP, M37450M4-XXXSP/FP, M37450M8-XXXSP/FP 


Parameter 


Functions 


Number of basic instructions 


71(69 MELPS 740 basic instructions+2) 


Instruction excution time 


0.8/iS (minimum instructions, at-10MHz of frequency) 


Clock frequency 


10MHz (max.) 


Memory size 


M37450M2-XXXSP/FP 


ROM 


4096 bytes 


RAM 


128 bytes 


M37450M4-XXXSP/FP 


ROM 


8192 bytes 


RAM 


256 bytes 


M37450M8-XXXSP/FP 


ROM 


16384 bytes 


RAM 


384 bytes 


Input/Output port 


P0-P3, P5, P6 


I/O 


8-bitX6 


P4 


Input 


3-bitX1 (8-bitX1 for 80-pin model) 


D-A 


Output 


2-bitX1 


Serial I/O 


UART or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer (serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels (8 channels for 80-pin model) 


D-A converter 


8-bitX2 channels 


Pulse width modulator 


8-bit or 16-bitX1 


Data bus buffer 


1-byte input and output each 


Subroutine nesting 


64-levels (max. for M37450M2) 


96-levels (max. for M37450M4, M37450M8) 


Interrupts 


6 external interrupts, 8 internal interrupts 
1 software interrupt 


Clock generating circuit 


Built-in (ceramic or quarts crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW (at 10MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA (max.) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


M37450M2-XXXSP 


64-pin shrink plastic molded DIP 


M37450M4-XXXSP 


M37450M8-XXXSP 


M37450M2-XXXFP 


80-pin plastic molded QFP 


M37450M4-XXXFP 


M37450M8-XXXFP 



MITSUBISHI 
l ELECTRIC 



2-567 



Mitsubishi Microcomputers 

M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 

M37450M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V C c- and OV to V ss . ' 


CNVss 


CNVss 




Controls the processor mode of the chip. Normally connected to V S s or V C c- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/^s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and Xout pins. If an external clock is used, the clock 
source should be connected to the Xin pin and the X ut pin should be left open. 


X UT 


Clock output 


Output 


4> 


Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four. 


SYNC 


Synchronous 
signal output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs. 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus. It is "H" during read and "L" during write. 


P0 o ~P0 7 


I/O port PO 


• I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. The high-order bits of the 
address are output except in single-chip mode. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. Used as data bus except in 
single-chip mode. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. Serial I/O, PWM output, or 
event I/O function can be selected with a program. 


P4 ~P4 2 
(P4 ~P4 7 ) 


Input port P4 


Input 


Analog input pin for the A-D converter. The 64-pin model has three pins and the 80-pin model has eight 
pins. They may also be used as digital input pins. 


P5 ~P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO. This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program. 


P6 ~P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as port PO. Pins P6 3 ~P6 7 change to a con- 
trol bus for the master CPU when slave mode is selected with a program. Pins P6o~P62 may be program- 
med as external interrupt input pins. 


D-A 1( D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output. 


v REF 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter. This pin is for 64-pin model only. 


ADV REF 


A-D reference 
voltage input 


Input 


Reference voltage input pin for A-D converter. This pin is for 80-pin model only. 


DAV REF 


D-A reference 
voltage input 


Input 


Reference voltage input pin for D-A converter. This pin is for 80-pin model only. 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter. Same voltage as V S s is applied. 


AV CC 


Analog power supply 




Power supply input pin for A-D converter. This pin is for 80-pin model only. Same voltage as V C c is applied. 
In the case of the 64-pin model, AVcc is connected to V C c internally. 
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PIN DESCRIPTION 


Pin 


Name 


Input/ 
Output 


Functions 


RD 


Read signal 
output 


Output 


Control signal output as active "L" when valid data is read from data bus. This pin is for 80-pin model only. 


WR 


Write signal 
output 


Output 


Control signal output as active "L" when writing data from data bus to external component. This pin is for 
80-pin model only. 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset. It is used as a reset output signal for peripheral compo- 
nents. This pin is for 80-pin model only. 
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BASIC FUNCTION BLOCKS 
MEMORY 

A memory map for the M37450M2-XXXSP/FP is shown in 
Figure 1. Addresses F000 16 to FFFF 16 are assigned to the 
built-in ROM area which consists of 4096 bytes. 
Address E000 16 to FFFF 16 are the ROM address area 
assigned to the M37450M4-XXXSP/FP. Addresses C000 16 
to FFFF 16 are the ROM address area assigned to the 
M37450M8-XXXSP/FP. 

Addresses FF00 16 to FFFF 16 are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addresses FFE0 16 to 
FFFF 16 are vector addresses used for the reset and inter- 
rupts (see interrupt section). Addresses 0000 16 to 00FF 16 



are the zero page address area. By using the zero page 
addressing mode, this area can also be accessed with 2 
bytes. The use of these addressing methods will greatly re- 
duce the object size required. The RAM, I/O port, timer, 
etc., are assigned to this area. 

Addresses 0000 16 to 007F 16 are the RAM address area and 
consist of 1 28 bytes. 

Addresses 0000 16 to OO.BF 16 and 0100 16 to 013F 16 are the 
RAM address area assigned to the M37450M4-XXXSP/FP 
and consist of 192 bytes and 64 bytes respectively. 
Addresses 0000 16 to 00BF 16 and 0100 16 to 01BF 16 are the 
RAM address area assigned to the M37450M8-XXXSP/FP 
and consist of 192 bytes and 192 bytes respectively. 
In addition to data storage, this RAM is used for the stack 
during subroutine calls and interrupts. 















Decimal 


RAM (192 bytes) 

for 

M37450M4-XXXSP/FP 

M37450M8-XXXSP/FP 


RAM (128. bytes) 

for 

M37450M2-XXXSP/F 


0000 16 

< 

p 

■007F 1R 




\ 

127 

191 
208 


> Zero page 


00BF 16 


Not used 


00D0 16 


Reserved area 


SFR area 


( 00FF 16 


(See Fig. 2) 


255 




RAM (192 bytes) 

for 

M37450M8-XXXSP/FP 


RAM (64 bytes; f0100 16 
for 
M37450M4-XXXSP/FPl013F 16 

01BF 16 








Not used 






C000 16 










E000 16 












F000 16 




61440 


ROM(16K bytes) 

for 

M37450M8-XXXSP/FP 


ROM 
(8K bytes) 

for 
M37450M4 
-XXXSP/FP 


ROM 
(4K bytes) 

for < 
M37450M2 
-XXXSP/FP 


FF00 16 
FFE0 16 




65280 
65504 


Special page for 
subroutine call 




Interrupt vector area 










(See section 
on interrupt) 








{ { 


FFFF 1E 




65535 




Note 1 '. Refrain from using this area because it is reserved for future expansion and system area extension. 



Fig. 1 Memory map 
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00D0 16 
00D1 16 
00D2 16 
00D3 16 
00D4 16 
00D5 16 
00D6 16 
00D7 16 
00D8 16 
00D9 16 
00DA 16 
00DB 16 
00DC 16 
00DD 16 
00DE 1i3 
00DF 16 

00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 


PO register 


00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 

00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
00FE 16 
00FF 16 


PWM register (low-order) , 




PO directional register 


PWM register (high-order) 


P1 register 


Timer 1 control register 


P1 directional register 


Timer 2 control register 


P2 register 


Timer 3 control register 


P2 directional register 


Timer 1 register (low-order) 


P3 register 


Timer 1 register (high-order) 


P3 directional register 


Timer 1 latch (low-order) 


P4 register 


Timer 1 latch (high-order) 


Reserved 


Timer 2 register (low-order) 


P5 register 


Timer 2 register (high-order) 


P5 directional register 


Timer 2 latch (low-order) 


P6 register 


Timer 2 latch (high-order) 


P6 directional register 


Timer 3 register (low-order) 


MISRG1 


Timer 3 register (high-order) 


MISRG2 


Timer 3 latch (low-order) 


D-A1 register 


Timer 3 latch (high-order) 


D-A2 register 


Interrupt request register 1 


A-D register 


Interrupt request register 2 


A-D control register 


Interrupt control register 1 


Data bus buffer register 


Interrupt control register 2. 


Data bus buffer status register 








Receive/Transmit buffer register 




Serial I/O status register 


Serial I/O control register 


UART control register 


Baud rate generator 













Fig. 2 SFR (Special Function Register) memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 3. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the ingex register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



STACK POINTER (S) 

The stack pointer (S) is an 8-bit register. It is used during 
subroutine calls and interrupts. 

When there is an interrupts, the high-order contents of the 
program counter is pushed into the address formed by set- 
ting the high-order eight bits to 00 16 or 01 16 and the low- 
order eight bits to the content of the stack pointer. Next the 
stack pointer is decremented by one and the low-order 
content of the program counter is pushed into the address 
formed by setting the high-order eight bits to 00 16 or 01 16 
and the low-order eight bits to the content of the stack 
pointer. Then the stack pointer is again decremented by 
one, the content of the processor status register is pushed 
into the address formed by setting the high-order eight bits 
to 00 16 or 01 16 and the low-order eight bits to the content of 
the stack pointer, and then the stack pointer is de- 
cremented by one once more. Whether to set 00 16 or 01 16 
in the high-order eight bits is determined by bit- 7 at 
address 00DF 16 . The high-order eight bits are set to 00 16 if 
bit 7 at address 00DF 16 is "0" and to 01 16 if it is "1". At re- 
set, it is set to "0", then can be changed by program. For 
M37450M2-XXXSP/FP, bit 7 at address 00DF 16 must be "0" 
because there is no RAM within "01" page. 
The push operation described above is performed auto- 
matically when an interrupt occurs. The RTI instruction is 
used to return from an interrupt routine. 



7 o 

A 

7 o 

X 

7 

Y 

7 

S 



15 


7 


PC H 


PC L 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

— Carry flag 

— Zero flag 

— Interrupt disable flag 

— Decimal mode flag 

— Break flag 

— Index X mode flag 

Overflow flag 

Negative flag 



Fig. 3 Register structure 
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When an RTI instruction is executed, control is returned by 
reversing the above operation while incrementing the stack 
pointer by one. The PHA instruction is used to push the 
accumulator because it is not saved automatically. When 
the PHA instruction is executed, the content of the accumu- 
lator is pushed into the address formed by setting the high- 
order eight bits to 00 16 or 01 16 and the low-order eight bits 
to the content of the stack pointer. Then the content of the 
stack pointer is decremented by one. The PLA instruction 
is used to restore the accumulator. When the PLA instruc- 
tion is executed, the stack pointer is incremented by one 
and the content of the address formed by setting the high- 
order eight bits to 00 16 or 01 16 and the low-order eight bits 
to the content of the stack pointer is stored in the accumu- 
lator. The processor status register is pushed and restored 
in the same manner with the PHP and PLP instructions. 
With subroutine calls, only the program counter is pushed. 
Therefore, registers that must be preserved must be 
pushed by the program. Use the RTS instruction to return 
from a subroutine. 

PROGRAM COUNTER (PC) 

The 16-bit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N) . Each bit of the register is ex- 
plained below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 
flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 



4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break Flag B 

The operation of a BRK instruction is similar to an interrupt. 
The BRK instruction is a non-maskable software interrupt 
that is used during program debugging. The break flag can 
be checked only by checking the content of the processor 
status register (PS) saved during an interrupt. The content 
of the processor status register (PS) is saved after setting 
flag B to "1" when the BRK instruction is used as an inter- 
rupt. It is cleared to "0" for other interrupts. 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (i.e., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 

7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a singed binary number. When the result ex- 
ceeds +127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location . 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative' flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directrly setting or resetting the negative flag. 



3. Interrupt disable flag ( I ) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is compleated. 
The SEI and CLI instructions are used to set and clear this 
flag, respectively. 
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INTERRUPTS 

Interrupts can be caused by 15 different events consisting 
of six external, eight internal, and one software event. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed as 
described in the stack pointer (S) section above, interrupt 
inhibit flag I is set, and the program jumps to the address 
specified in the vector table. The interrupt request flag is 
cleared automatically. The reset and BRK instruction inter- 
rupt can never be inhibited. Other interrupts are disabled 
when the interrupt inhibit flag is set. 



All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt inhibit bit is "0". The in- 
terrupt request bit can be reset with a program, but not set. 
The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 



Table 1. Interrupt vector address and priority. 




Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


Input buffer full interrupt 


2 


FFFD 16 , FFFC 16 


Valid only in slave mode 


Output buffer empty interrupt 


3 


FFFB 16 , FFFA 16 


Valid only in slave mode 


INT! interrupt 


4 


FFF9 16 , FFF8 16 


External interrupt (phase programmable) 


INT 2 interrupt 


5 


FFF7 16 , FFF6 16 


External interrupt (phase programmable) 


INT 3 interrupt 


6 


FFF5 16 , FFF4 16 


External interrupt (phase programmable) 


Timer 1 interrupt 


7 


FFF3 16 , FFF2 16 




Timer 2 interrupt 


"8 


FFF1 16 , FFF0 16 




Timer 3 interrupt 


9 


FFEF 16 , FFEE 16 




EVi interrupt 


10 


FFED 16 , FFEC 16 


External event interrupt (phase programmable) 


EV 2 interrupt ^ 


11 


FFEB 16 , FFEA 16 


External event interrupt (phase programmable) 


EV 3 interrupt 


12 


FFE9 16 , FFE8 16 


External event interrupt (phase programmable) 


Serial I/O receive interrupt 


13 


FFE7 16 , FFE6 16 


Valid only when serial I/O is selected 


Serial I/O transmit interrupt 


14 


FFE5 16 , FFE4 16 


Valid only when serial I/O is selected 


A-D conversion completion flag 


15 


FFE3 16 , FFE2 16 




BRK instruction interrupt 


16 


FFE1i 6 , FFE0 16 


Non-maskable software interrupt 
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n 



Interrupt request register 1 
(address 00FC 16 ) 

Input buffer full interrupt 

request bit 
_ Output buffer empty interrupt 
request bit 

- INTt interrupt request bit 

- INT 2 interrupt request bit 

- INT 3 interrupt request bit 

- Timer 1 interrupt request bit 

- Timer 2 interrupt request bit 

- Timer 3 interrupt request bit 



LT 



u 
| | | | | | Interrupt request register 2 

I I I I I ( arir\re><i<i OOFH^) 



(address 00FD 16 ) 

- EVt interrupt request bit 

- EV 2 interrupt request bit 

- EV 3 interrupt request bit 

- Serial I/O receive interrupt request bit 

- Serial I/O transmit interrupt request bit 

- A-D conversion completion interrupt 

request bit 



I Interrupt disable 

1 : Interrupt requested 



n 



Interrupt control register 1 |_ 
(address 00FE 16 ) 

Input buffer full interrupt 

enable bit 
_Output buffer empty interrupt 
enable bit 

- INTt interrupt enable bit 

- INT 2 interrupt enable bit 

- INT3 interrupt enable bit 
-Timer 1 interrupt enable bit 
-Timer 2 interrupt enable bit 
-Timer 3 interrupt enable bit 



n 



TT 



| | Interrupt control register 2 
(address 00FF 16 ) 



-EVt interrupt enable bit 
-EV 2 interrupt enable bit 
-EV 3 interrupt enable bit 
-Serial I/O receive interrupt enable bit 
-Serial I/O transmit interrupt enable bit 
-A-D conversion completion interrupt 
enable bit 



: Interrupt disable 

1 : Interrupt enabled 



Fig. 4 Structure of registers related to interrupt 



Interrupt request bit- 
Interrupt enable bit - 



=CH 



L, 



Interrupt inhibit flag 



BRK instruction 
reset 




~ 5 *- Interrupt request 



Fig. 5 Interrupt control 
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TIMER 

The M37450 has three independent 16-bit internal timers 
as shown in Figure 6. 

The timers are controlled by the timer i control register (i= 
1, 2, 3) and MISRG1 shown in Figure 7 and 8. 
The timer and the timer latch are independent of each 
other and a value must be written in both when setting a 
timer. 

A write to a timer is performed in the order of T L to T H after 
setting the count enable bit to count inhibit "0". 
A read from a timer is performed in the order of T H to T L . 
The value of T L is latched in the read timer latch at the tim- 
ing when T H is read. All timers are decrement counters and 
are started by setting the timer i count enable bit to "1". 
When the value of the timer reaches 0000 16 , and overflow 
occurs and the timer i interrupt request bit is set to "1" at 
the next count pulse. 

During a reset or an STP instruction execution, the low- 
order byte of the timer 1 register is set to FF 16 and the 
high-order byte is set to 03 16 . Also, when an STP instruction 
is executed, a frequency obtained by dividing the oscillat- 
ing frequency by four becomes the timer 1 input regardless 
of the timer 1 count source selection bit. This condition is 
canceled and the original count source is resumed when 
the timer i interrupt request bit is set to "1" or when a reset 
occurs. Refer to the section on the clock generator for de- 
tails concerning the operation of the STP instruction. 
The M37450 provides seven timer modes selectable with 
the timer mode selection bit in the timer i control register. 



en 



| | | | Timer i control register 0=1,2,3) 

■ Timer 1 control register (address 00ED 16 ) 
Timer 2 control register (address 00EE 16 ) 
Timer 3 control register(address 00EF 16 ) 

-Timer mode selection bit 
000 : 16-bit timer mode 
001 : Event count mode 
010 : Pulse output mode 
011 : Pulse period measurement mode 

100: Pulse width measurement mode 
101 : Programmable waveform 

genration mode 
110: Programmable one-shot 

generation mode 
-Timer count source selection bit 
o:t(x, N )/4 

1 '. INTi pin input 
-Output level latch 
-Event phase selection bit 

: Fall 

1 '. Rise 



Fig. 7 Structure of timer i control register 



□n 



n 



] MISRG1 (address 00DE 16 ) 



-INT! input polarity selection bit 
-INT 2 input polarity selection bit 
- INT 3 input polarity selection bit 

: Fall 

1 : Rise 

-Timer 1 count enable bit 
-Timer 2 count enable bit 

-Timer 3 count enable bit 

'. Count disabled 

1 : Count enabled " 



Fig. 8 Structure of MISRG1 







\ Data bus ' 




' s| s; 








f(X, N )/4 | 






TL L j TL H 


-1 




_ f Mn ^ 


•t 16 1 










*-* 


juih cnaui 






—O^O— 




T L J T H 




r 


Timer interrupt request bit 


INT \^J 

r 


— 




















1 




r-. . f~\ 










\ 


1 










ev QH 

8 




RTL " 






Timer control 
register 




' 


8 

1 


1 


8 


f 


8, 


' 






V . ' . Data bus 


[ 





Fig. 6 Timer block diagram 
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(1) 16-bit Timer Mode [000] 

In this mode, an interrupt request occurs and the value of 
the timer latch is loaded in the timer each time the timer 
overflows. 

The timer count source is set to f(X, N ) divided by four re- 
gardless of the count sorce selection bit. Assuming that the 
timer latch is n, the frequency dividing ratio is 1/(n+l). 
Figure 9 shows the timer operation duruing 16-bit timer 
mode. 



FFFF 16 - 








TL 








TL ; Value set in 
timer latch 


0000 16 








TR ; Timer interrupt 
_ request 




\ 




TR 


TR 





Fig. 9 16-bit timer mode operation 



(2) Event Count Mode [001] 

In this mode, the EVi pin input signal are counted in the 

direction selected by the event input polarity selection bit. 

The input signal from the EVi pin is used as the count 

source regardless of the count source selection bit. The 

operation is the same as with the 16-bit timer mode except 

for the difference in the count source. 

Both the "H" and "L" pulse width of the EVi pin input signal 

must be not less than (4/f(X| N )) + 100ns. 

Figure 10 shows the timer operation during event count 

mode. 




TL ; Value set in' 
timer latch 



TR ; Timer interrupt 
request 



Fig. 10 Event counter mode operation 



(3) Pulse Output Mode [010] 

In this mode, a 50% duty pulse is output from the EVi pin. 
The count source selected with the count source selection 
bit is counted. When it overflows, the phase of the EVi pin 
output level is reversed and the value of the timer latch is 
loaded in the timer. 

When this mode is selected, the EVi pin output level is in- 
itialized to "L". 

Figure 11 shows the timer operation during pulse output 
mode. 
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Fig. 11 Square wave output mode 



(4) Pulse Period Measurement Mode 
[011] 

This mode is used to measure the pulse period of the EVi 

pin input signal. 

The timer counts the count source selected by the count 

source selection bit between the rise-to-rise or fall-to-fall 

interval (selected with the event input polarity selection bit 

in the timer i control register) of the EVi pin input signal. 

At a valid edge on the EVi pin input, the 1's complement of 

the timer value is stored in the timer latch and the timer 

value is set to FFFF 16 , 

Figure 12 shows the timer operation during pulse frequency 

measurement mode. 
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Fig. 12 Pulse period measurement mode 



MITSUBISHI 
.ELECTRIC 



2-577 



MITSUBISHI MICROCOMPUTERS 

M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 

M37450M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



(5) Pulse Width Measurement Mode [100] 

This mode measures the pulse width while the EVi pin in- 
put signal is "H" or "L". 

Whether to measure the "H" or "L" interval is determined 
by the event input polarity selection bit. If this bit is "0", the 
count source selected with the count source selection bit is 
counted while the input pulse is "H", If it is "1", the count 
source is' counted while the input pulse is "L". A Vs com- 
plement of the timer value is stored in the timer latch for a 
valid edge on the EVi pin input. In addition, the timer value 
is set to FFFF 16 for an edge (both rise and fall) on the EVi 
pin input. Figure 13 shows the timer operation during pulse 
width measurement mode. 
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Fig. 13 Pulse width measurement mode 

In pulse period measurement mode [011] and pulse width 
measurement mode [100], an EVi interrupt request is issued 
at the valid edge selected by the event phase selection bit. 
That is, an interrupt occurs at the end of the pulse period 
measurement or pulse widfh measurement. Also, when a 
timer overflow occurs, the count continues from FFFF 16 
without the value of the timer latch being loaded in the 
timer. 

Write to timer latch is inhibited in these modes. Furth- 
ermore, EVi interrupt is disabled during STP instruction ex- 
ecution. 
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Fig. 14 Programmable waveform generation mode 

(7) Programmable One-shot Generation 
Mode [110] 

This mode uses the INTi pin input signal as a trigger and 
counts by writing the value of the timer latch in the timer. 
The output level of the EVi pin goes "H" when the trigger is 
issued and goes "L" when the timer overflows. 
The EVi pin level is initialized to "L" when this mode is 
selected. 

The timer count souce is set to f (X )N ) divided by four re- 
gardless of the count source selection bit. 
A valid edge of the INTi pin input trigger signal is deter- 
mined by the INTi phase selection bit of MISRG1 (00DE 16 ). 
Figure 15 shows the timer operation during programmable 
one-shot generation mode. 




Fig. 15 Programmable one-shot generation mode 



(6) Programmable Waveform Generation 
Mode [101] 

In this mode, the level set in the output level latch of the 

timer i control register is output to the EVi pin every time 

the timer overflows. 

The timer counts the source selected by the count source 

selection bit and when it overflows, the value in the timer 

latch is loaded in the timer. 

After it overflows, the value of the output level latch and the 

timer latch can be modified to generate any waveform from 

the EVi pin. 

Figure 14 shows the timer operation during programmable 

waveform generation mode. 



When the INTi pin input signal is selected as the count 
source for pulse output mode [010], pulse period measure- 
ment mode [011], pulse width measurement mode [100], 
and programmable waveform generation mode [101], the 
"H" and "L" pulse width of the input signal must not be less 
than (6/f(X, N ))+100ns. 
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SERIAL I/O 

Serial I/O can operate in either clock synchronous or clock 
asynchronous (UART) mode. An exclusive baud rate gen- 



eration timer (baud rate generator) is provided for serial 
I/O operation. Figure 16 shows the structure of the regis- 
ters used for serial I/O. 
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Serial I/O status register 
(address 00E7 16 ) 
Transmit buffer empty flag 

: Buffer full 

1 : Buffer empty 

Receive buffer full flag 

: Buffer empty 

1 : Buffer full 

Transmit shift register shift 

completion flag 

'. Busy shifting 

1 ! Shift complete 

Overrun error (OE) flag 

o: No 

1 : Yes 
Parity error (PE) flag 

0: No 

1 : Yes 
Framing error (FE) flag 

0: No 

1 : Yes 

Summing error (SE) flag 
o: No 
1 : Yes 



an 



I UART control register (address 00E9 16 ) 

I Character length selection bit 

: 8 bits 

1 : 7 bits 
Parity enable bit 

: Parity disable 

1 : Parity enable 
Parity selection bit 

: Even parity 

1 : Odd parity 

Stop bit length selection bit 

: 1 stop bit 

1 : 2 stop bit 



"J Serial I/O control register (address 00E8 16 ) 

' — BRG count source selection bit 

: f(X, N ) divided by 2 

1 : f(X, N ) divided by 8 

Serial I/O synchronous clock selection bit ' 

: BRG output divided by 4 
(when clock synchronous serial I/O is selected) 

BRG output divided by 16 
(when UART is selected) 

1 '. External input clock 



- Sr D y output enable bit 

! P3 7 operates as normal I/O' pin 

1 .' P3 7 change to S RDY output pin 

- Transmit interrupt source selection bit 

: When transmit buffer becomes empty 

1 '. When transmit shift operation is complete 

- Transmit enable bit 

: Transmit disabled 

1 : Transmit enabled 

- Receive enable bit 

'. Receive disabled 

1 : Receive enabled 

- Serial I/O mode selection bit 

: Clock asynchronous (UART) serial I/O 

1 : Clock synchronous serial I/O 

■ Serial I/O enable bit 

: Serial I/O disabled 

(P3 4 -P3 7 are normal I/O ports) 

1 : Serial I/O enabled 

(P3 4 -P3 7 are serial I/O function pins) 



Fig. 16 Structure of registers related to serial I/O 
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(1) Clock Synchronous Serial I/O 

Clock synchronous serial I/O is selected by setting the 
mode selection bit of the serial I/O control register to "1". 
Figure 17 shows a block diagram of clock synchronous se- 
rial I/O and Figure 18 shows its operation. 



With clock synchronous serial I/O, the same clock is used 
as the operating clock between the transmitting and receiv- 
ing microcomputers. If an internal clock is used for operat- 
ing clock, transmit/receive is started by writing a signal in 
the transmit/receive buffer register. 
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Shift clock 
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Transmit buffer register 
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- Transmit shift completion flag (TSC) 
—^-Transmit interrupt request (Tl) 



- Transmit buffer empty flag (TBE) 



address 00E6 16 | serial i/o status register | address 00E7 16 



Fig. 17 Clock synchronous serial I/O block diagram 



Internal clock <t> 



nSUUUinJlJUUUUUUlJUUirL^ 



Transmit/receive shift clock 

1/2~1/2048 of internal clock 

or external clock 

Serial output T X D 
Serial input R X D 



Receive ready signal 
Srdy 



Receive/transmit 
buffer register 
write signal to 
address 00E6 16 





TBE= i 

TBE=1 
TSC=0 



RBF= 1 
TSC=1 
Overrun error (OE) detected 



Note 1. Use the transmit interrupt source selection bit (TIC) in the serial I/O control register to specify whether to generate a transmit 
interrupt (Tl) when the transmit buffer becomes empty (TBE=1 ) or when transmit shift operation completes (TSC=1 ). 

Note 2. If data is written in the transmit buffer register when TSC=0, transmit clock is generated continuously and serial data is output 
continuously from the T X D pin. 

Note 3. The receive interrupt (Rl) is set when the receive buffer full flag (RBF) is set. 



Fig. 18 Clock synchronous serial I/O operation 
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(2) Asynchronous Serial I/O (UART) 

UART is selected by setting the mode selection bit of the 
serial I/O control register to "0". Figure 19 shows a block 
diagram of UART and Figure 20 shows its operation. 
With the M37450, one of eight serial data transmission for- 
mats can be selected with the UART control register as 
shown in Figure 16. The transmission format must be 
agreed upon between the transmit side and the receive 
side. 



The transmit shift register and the receive shift register has 
its buffer register respectively to perform serial data trans- 
fer (same memory addresses). 

Data cannot be written or read directly to/from the shift 
registers. Therefore, the data to be transmitted is written to 
a buffer register and the received data is read from a buf- 
fer register. The buffer registers can also be used to store 
data to be transmitted next or to receive 2-byte data con- 
secutively. 
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Fig. 19 UART serial I/O block diagram 
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clock 



Transmit buffer 
register write 
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Receive buffer 
register read 
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Serial input R X D 




.JUTJ 
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1 start bit 
7/8 data bits 
1/0 parity bits 
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".'.XT 



TSC= 1 
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Note 1. Error flag detection is performed as soon as RBF=1 (first stop bit for receive). 

Note 2. Transmit interrupt (Tl) is set to either TBE=1 or TSC = 1 according to the transmit interrupt source selection bit (TIC) in 

the serial I/O control register. 
Note 3. Receive interrupt (Rl) is set by RBF=1. 



Fig. 20 UART serial I/O operation 
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[Serial I/O Control Register] SIOCON 

The serial I/O control register is an 8-bit register consisting 
of selection bits for controlling the serial I/O function. 

• Serial I/O Enable Bit SIOE 

When this bit is set to "1", serial I/O is enabled and pins 
P3 4 ~P3 7 can be used as serial I/O function pins. 

• Serial I/O Mode Selection Bit SIOM 

This bit is used to select the serial I/O operation mode. 
When this bit is "0", asynchronous serial I/O (UART), which 
transfers data using start and stop bits, is selected. When it 
is "1", clock synchronous serial I/O which performs trans- 
mission and receive using the same clock is selected. 

• Receive Enable Bit RE 

Receive operation is enabled when this bit is set to "1" and 
pin P3 4 becomes a serial data input pin. 

• Transmission Enable Bit TE 

Transmission operation is enabled when this bit is set to 
"1". Pin P3 5 becomes a serial data output pin and shift data 
is output. 

• Transmission Interrupt Source Selection Bit TIC 
This bit is used to selelct events that can cause a transmis- 
sion interrupt. 

• S RDY Output Enable Bit SRDY 

If this bit is set to "1" when clock synchronous serial I/O is 
selected, pin P3 7 becomes an S RDY signal output pin and 
Sr D y signal is output. 

When an external clock is used during clock synchronous 
serial I/O, the S RDY signal is used to notify the clock sender 
that it can send the serial clock signal. It goes "L" when 
data is written in the transmit/receive buffer register and 
goes "H" at the first fall of the receive clock. When using 
the S RDY signal, the transmission enable bit must be set to 
"1" even when performing receive only. 

• Serial I/O Synchronous Clock Selection Bit SCS 
When this bit is "1", pin P3 6 becomes an input pin and the 
external clock input from the S C lk pin is selected as the 
serial I/O synchronous clock. When this bit is "0", the baud 
rate generator (BRG) overflow signal is selected as the se- 
rial I/O synchronous clock. Also, when this bit is "0" during 
clock synchronous serial I/O, pin P3 6 becomes an output 
pin and the shift clock is output from the S C lk pin. 

When clock synchronous serial I/O is selected, the baud 
rate generator (BRG) output signal divided by four or an 
external clock input is used. When UART is selected, the 
BRG output signal divided by sixteen or an external clock 
input signal divided by sixteen is used. 

• BRG Count Source Selection Bit CSS 

The baud rate generator is an 8-bit counter with a reload 
register. By setting a value n in the BRG register (address 
00EA 16 ) , the count source selected by the BRG count 
source selection bit is divided by (n+1). 



[UART Control Register] UARTCON 

The UART control regsiter is a 4-bit register consisting of 
control bits that are valid when UART is selected. The con- 
tent of this register is used to set the data format for serial 
data transmission/receiving. 
•Character Length Selection Bit CHAS 
This bit is used to select the transmission/receiving charac- 
ter lenght. 

• Parity Enable Bit PARE 

When this bit is set to "1", a parity bit is added next to the 
most significant bit (MSB) of the transmission data and 
parity is checked during receive. 

• Parity Selection Bit PARS 

This bit is used to specify the type of parity to be gener- 
ated during transmission and checked when data is re- 
ceived. The number of 1's in the data is set to even or odd 
according to this bit. 

• Stop Bit Length Selection STPS 

This bit is used to determine the number of stop bits to be 
used during transmission. 

[Serial I/O Status Register] SIOSTS 

The serial I/O status register is a 7-bit read only register 
consisting of serial I/O operation status flags and error 
flags. Bits 4 to 6 are valid only during UART mode. 
All bits of this register are initialized to "0" at reset, and 
when the transmit enable bit in the serial I/O control regis- 
ter is set to "1", bits "0" and "2" change to "1". 

• Transmission Buffer Empty Flag TBE 

This bit is cleared to "0" when transmission data is written 
in the transmission buffer register and set to "1" when that 
data is transferred to the transmit shift register. It is also 
cleared when TE=0. 

• Receive Buffer Full Flag RBF 

When receiving serial data, data is transferred to the re- 
ceive buffer register and this bit is set to "1" when the re- 
ceive shift register completes receiving a data byte. This 
bit is cleared when the data is read. This bit is also cleared 
when RE=0. 

• Transmit Shift Register Shift Completion Flag TSC 
This bit is cleared to "0" when the data in the transmission 
buffer register is transferred to the transmit shift register 
and set to "1" when data shift completes. It is also set to 
"1" when TE=0. 

•Overrun Error Flag OE 

When continuously receiving serial data, this bit is set when 
the next data fill the receive shift register before the data in 
the receive buffer register has been read. 

• Parity Error Flag PE 

When receiving serial data with parity, this bit is set to "1 " 
if the parity of the received data differs from the specified 
parity. 
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• Framing Error Flag FE 

This bit is set to "1" when there is no stop bit when trans- 
ferring data from the receive shift register to the receive 
buffer. 

• Summing Error Flag SE 

This bit is set when either overrun, a parity, or a framing 
error occurs. 

Tests for these errors are performed as soon as the data is 
transferred from the receive shift register to the receive 
buffer register and at the same time the receive buffer full 
flag is« set. The error flags (OE, PE,- FE, and SE) are 
cleared when any data is written in the serial I/O status 
register. Also, all status flags including error flags are 
cleared when SIOE=0. 
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BUS INTERFACE 

The M37450 is equipped with a bus interface that is func- 
tionally similar to the MELPS 8-41 series. Its operation can 
be controlled with control signals from the host CPU (slave 
mode). 

The M37450 bus interface can be connected directly to 
either a R/W type CPU or separate RD, WR type CPU. Fig- 
ure 21 shows a block diagram of the bus interface function, 
tion. 

Slave mode is selected with MISRG2 (address 00DF 16 ) bit 
2 and 3 as shown in Figure 22. 

An input buffer full interrpt occurs when data is received 
from the host CPU and an output buffer empty interrupt 
occurs when data is read by .the host CPU. 
In slave mode, ports P5 ~P5 7 become a tri-state data bus 
used to transfer data, commands, and status to and from 
the host CPU. 

Furthermore, ports P6 4 ~P6 7 become host CPU control sig- 
nal input pins and P6 3 becomes a slave status output pin. 

[Data Bus Buffer Status Register] DBBSTS 

This is an 8-bit register. Bits 0, 1, and 3 are read-only bits 
indicating the status of the data bus buffer. Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set with a program. The host CPU can only read these 
flags by setting the A0 pin to "H". 



rxi 



TT 







MISRG2 (address 00DF 16 ) 

— — Processor mode 

Op: Single-chip mode 
01 ' Memory expanding mode 
10 : Microprocessor mode 
11 : Disable 

Bus interface enable bit 

: Disable 

1 : Enable 

Bus interface mode bit 

: RD^WR bus 

1 : R/W bus 
PWM enable bit 

: Disable 

1 : Enable 

PWM mode selection bit 

: 8-bit high speed PWM 

1 : 16-bit high precision PWM 

Bus cycle control bit 

: Normal bus cycle 

1 '. Normal bus cycleX2 

Stack page selection bit 

'.. In page area 

1 : In page 1 area 



J Data bus buffer status register 
(address 00E5 16 ) 
Output buffer full flag 

: Buffer empty 

1 : Buffer full 
Input buffer full flag 

: Buffer empty 

1 : Buffer full 
User definable flag 

User may freely define this flag 
— A0 flag 

Indicates the A0 status when the 

IBF flag is set. 
User definable flag 

User may freely define this flag 



Fig. 22 Structure of bus interface relation registers 
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Fig. 21 Bus interface circuit diagram 
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• Output Buffer Full Flag OBF 

This flag is set when data is written in the output data bus 
buffer and cleared when the host CPU reads the data in 
the output data bus buffer. It is initialized to "1" at reset and 
cleared to "0" when the slave mode is selected with the 
bus interface enable bit set. 

• Input Buffer Full Flag IBF 

This flag is set whenthe host CPU writes data in the input 
data bus buffer and cleared when the slave CPU reads the 
data in the input data bus buffer. This bit is initialized to "0" 
at reset. 



A Flag 

The level of the A pin is latched when the host CPU writes 
data in the input data bus buffer. 

[Input Data Bus Buffer] DBBIN 

Data on the data bus is latched in DBBIN when there is a 
write request from the host CPU. The data in DBBIN can 
be read from the data bus buffer register (SFR address 
00E4 16 ). 

[Output Data Bus Buffer] DBBOUT 

Data is written in DBBOUT by writing data in data bus buf- 
fer register (SFR address 00E4 16 ). The data in DBBOUT is 
output to the data bus (P5) when the host CPU issues a 
read request with setting the A pin to "L". 



Table 2. 


Contrbl I/O pin functions when bus interface function is selected 


Pin 


Name 


Bus interface 
mode bit 


Input/ 
Output 


Function 


P6 3 


Prdy 


- 


Output 


Status output. The NOR of OBF and IBE is outnput. 


P6 4 


A 


- 


Input 


Address input. Used to select between DBBSTS and DBBOUT during host CPU read. 
Also used to identify commands and data during write. 


P6 5 


CS 


- 


Input 


Chip select input. Used to select the data bus buffer. Select when "L". 


P6 6 


R 





Input 


Timing signal used by the host CPU to read data from the data bus buffer. 


E • 


1 


Input 


Inputs a timing signal E or inverse of <t>. 


P6 7 


W 





Input 


Timing signal used by the host CPU to write data to the data bus buffer. 


R/W 


1 


Input 


Input R/W signal used to control the data transfer direction. When this signal is "L", 
data bus buffer write is synchronized with the E signal. When it is "H", data bus buffer 
read is synchronized with the E signal. 
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PWM 

The PWM generator has two program-selectable modes; 
the high-speed mode (8-bit resolution) and the high- 
precision mode (16-bit resolution) . Figure 23 shows a 
block diagram. 

The register MISRG2 (address 00DF 16 ) shown in Figure 22 
is used to enable/disable the PWM and change its mode. 
When the PWM enable bit is set, the PWM timer starts 
from its initial state. 
As shown in Figure 24, the output frequency is 

( 2X255 )/f(X, N ) 51/isatf(X, N ) = 10MHz 
in high-speed mode and 

(2X65535)/f(X, N ) 13.107ms at f(X, N ) = 10MHz 
in high-precision mode. 

The "H" width of the output pulse is determined by setting 
a value only in the PWM L register for high-speed mode and 
in both the PWM H and PWM L in this order for high- 
precision mode. 

If the value set in the PWM register is m, the "H" width of 
the output pulse is 

(PWM periodXm)/255 for high-speed mode and 

(PWM periodXm)/65535 for high-precision mode. 



Changes according to the value 
set in the PWM register 



PWM output 



utput | 



L 



-Fixed period- 



Fig. 24 PWM output 
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Fig. 23 PWM generator block diagram 
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A-D CONVERTER 

An A-D converter is an 8-bit successive approximation 
method. Figure 25 shows a block diagram of the A-D con- 
verter. 

The 64-pin model has three analog voltage input pins; the 
80-pin model has eight. 

A-D conversion is started by a write operation to the analog 
input pin selection bit of the A-D control register shown in 
Figure 26 and by selecting the analog voltage input pin. 
The A-D interrupt request bit in the interrupt request regis- 
ter 2 is set when A-D conversion completes. The result of 
A-D conversion is stored in the A-D register. 
The contents of the A-D register must not be read during 
A-D conversion and f(X| N ) must be no less than 1 MHz dur- 
ing A-D conversion. 



A-D control register 
(address 00E3 16 ) 

Analog input pin 
selection bit 



64 pin model 



r- b2 b1 bO 



1 

1 Q 



: AN 

: ANi 
: an 2 



: an 3 
: an 4 
: an 5 
: an 6 
: an 7 



Note '. Do not select pins other than AN -AN 2 with the 64-pin model. 



Fig. 26 Structure of A-D control register 



Data bus 



7\ 



P4 /AN O 
P4 1 /AN 1 O- 



P4 2 /AN 2 O- 
P4 3 /AN 3 O 
P4 4 /AN 4 O 



P4 5 /AN 5 O 



P4 6 /AN 6 O- 
P4 7 /AN 7 O- 



7\ 



A-D control register 
(address 00E3 16 ) 




A-D control circuit 



A-D register 
(address 00E2 16 ) 



■ A-D interrupt request 



Switch tree 



Ladder resistor 



O 
AVcc 



I I 



ADV REF 

(V REF ) 



Fig. 25 A-D converter block diagram 
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D-A CONVERTER 

Two 8-bit resolution D-A converter channels are provided. 
Figure 27 shows a block diagram of the D-A converter. 
D-A conversion is performed by setting a value in the D-Ai 
register (addresses 00E0 16 and 00E1 16 ). The result of D-A 
conversion is output from the D-Ai output pin. 
The output analog voltage V DA is determined by the value n 
(decimal) set in the D-Ai register as follows: 
V DA =DAV REF *Xn/256 

*V REF for 64-pin model. 



Data bus 



D-A conversion 
register 



R-2R register ladder 



O m 



6 6 

AV SS DAVr EF 
(V REF ) 



Fig. 27 D-A converter block diagram 
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RESET CIRCUIT 

The M37450 is reset according to the sequence shown in 
Figure 30. It starts the program from the address formed by 
using the content of address FFFF 16 as the high order 
address and the content of the address FFFE 16 as the low 
order address, when the RESET pin is held at "L" level for 
no less than 2/us while the power voltage is 5V±10% and 



oo 16 



oo 1( 



oo 1( 



oo 16 



o o 



oo ie 



oo 16 



oo 16 

















1 

























oo 16 



address 

(1) Port P0 directional register 00D1 16 

(2) Port P1 directional register 00D3 16 

(3) Port P2 directional register 00D5 16 

(4) Port P3 directional register 00D7 16 

(5) Port P4 directional register 00DB 16 

(6) Port P5 directional register 00DD 16 

(7) MISRG1 00DE 16 

(8) MISRG2 00DF 16 

(9) D-A1 register 00E0 16 

(10) D-A2 register 00E1 16 

(11) Data bus buffer status register 00E5 16 

(12) Serial I/O status register 00E7 16 

(13) Serial I/O control register 00E8 16 

(14) UART control register 00E9 16 

(15) Timer 1 control register 00ED 16 

(16) Timer 2 control register 00EE 16 

(17) Timer 3 control register 00EF 16 

(18) Timer 1 register (low order) 00F0 16 

(19) Timer 2 register (high order) 00F1 16 
Interrupt request register 1 00FC 16 
Interrupt request register 2 00FD 16 
Interrupt control register 1 00FE 16 

(23) Interrupt control register 2 00FF 16 

24) Processor status register (PS) 

25) Program counter (PC H ) 

(PC L ) 

Note. Since the contents of both registers other than those listed 
above (including timer 1, timer 2, timer 3, and the serial I/O 
register) and the RAM are undefined at reset, it is necessary 
to set initial values. 

















































FF 16 







oo 16 




































1 








Contents of addre 
FFFFi 6 


ss 





Contents of address 
FFFE 16 



the crystal oscillator oscillation is stable and then returned 
to "H" level. The internal initializations following reset are 
shown in Figure 28. 

An example of the reset circuit is shown in Figure 29. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 



Supply voltage 0V ' 



Reset input voltage 0V ■ 




-e 



Jr 



LJ'-l t 



M37450M2-XXXSP 



Fig. 29 Example of reset circuit 



Fig. 28 Internal state of microcomputer at reset 
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f(x, N ) ■ 



RESET 
RESETqut ' 

SYNC 
Address 

Data 



JU11T-... 



.jiiiiniuinr 



XDCD®<!£D(ID<Z£D<Z^XZ 



Reset address from 
the vector table 



8~12 clock cycles 



Note 1 : Frequency relation of f(X, N ) and is f(X| N )=4-0. 
2 : The mark " ? " means that the address is changing 
depending upon the previous state. 



Fig. 30 Timing diagram at reset 
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I/O PORTS 

(1) Port PO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 2), port PO can 
be accessed at zero page membry address 00D0 16 . 
Port PO has a directional register (address 00D1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously ouptut value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit and bit 1 at address 00DF 16 ), three different 
modes can be selected; single-chip mode, memory ex- 
panding mode and microprocessor mode. 
In these modes it functions as address (A 7 ~A ) output 
port (excluding single-chip mode) . For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A 15 ~ 
A 8 ) output port. 
Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (D ~D 7 ) 
input/output port. Refer to the section on processor 
modes for details. 

(4) Port P3 

Port P3 is an 8-bit I/O port with function similar to port 
PO. All pins have program selectable dual functions. 
When a serial I/O function is selected, the input and 
output from pins P3 4 ~P3 7 are determined by the con- 
tents of the serial I/O registers. 
This port is unaffected by the processor mode. 

(5) Port P4 

This is an input-only port and may be used as an ana- 
log votage input port. The number of ports is different 
for the 64-pin model and 80-pin model. The 64-pin 
model has three ports and the 80-pin model has eight 
ports. 

(6) Port P5 

This is an 8-bit I/O port with function similar to port PO. 
When slave mode is selected with a program, all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register. 



This port is unaffected by the processor mode register. 

(7) Port P6 

This is an 8-bit input/output port with function similar to 
port PO. 

When slave mode is selected with a program, ports 
P6 3 ~P6 7 change to the control bus for the bus inter- 
face function. In this case, port input/output is un- 
affected by the directional register. 
Ports P6 ~P6 2 are shared with the external interrupt 
input pins (INT 1 ~INT 3 ). The INT interrupt constantly 
monitors the status of this port and generates an inter- 
rupt at a valide edge. Therefore, if the INT interrupt is 
not used, it must be disabled and if it is used, this port 
must be set to input. 

(8) Port D-A 

Port D-A consists of two analog voltage output pins. 
Any analog voltage can be generated by setting a 
value in the D-A register. 

(9) 0pin 

The internal system clock (1/4 the frequency of the 
oscillator connected between the X !N and X ut pins) is 
output. from this pin. If an STP or WIT instruction is ex- 
ecuted, output stops after going "H". 

(10) SYNC pin 

This pin outputs a signal that is "H" during one cycle of 
the <t> during operation code fetch. 

(11) R/W pin 

This is a control signal output pin that indicates the loc- 
al bus direction in memory expanding and microp- 
rocessor modes. 

(12) RD, WR pins 

These are local bus write and read timing signal output 
pins for memory expanding and microprocessor modes. 
A signal equivalent to the signal otuput from the R/W 
separated by the </> signal is output. 
These pins are used exclusively by the 80-pin model. 

(13) RESETouxPin 

This pin goes "H" while the microprocessor is being 
reset. It can be used as a reset signal output pin for 
peripheral devices. 
This pin is used exclusively by the 80-pin model. 
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Port PO, P1, P2 



» — {Directional register | — ' >- 



Data bus 



Data register I— 
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-5=- 



P3n~P3 2 



Data bus 



' — [Directional register | — i ► 



Data register I— 



-£- 



£ 



Timer mode mcx J e 2 — i k 

selection bit mode 5 _f=I > 
mode 6 



Timer output - 



P3 3 



H^^Hp 



I 



Event counter input 
Event interrupt input 



P3 4 



Serial I/O enab le bit -i-py. 
Receive enable bit - rL- n 



» — [Directional register!— 



Data bus 



» — [Directional register I — ►■ 



Data bus 



-5=- 
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-S- 



PWM enable bit 
PWM output " 
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Serial I/O input — -^ 



P3 5 



Serial I/O enable bit. 
Transmit enable bit - 

— <— 



i— [Directional registerl- 



Data bus 



■4h- 



-5- 



^>n 



■^ 



Serial I/O output -J> 



r 



^tJr° 



P3 6 
Serial I/O clock selection bit 

Serial I/O enable bit^^ 
Serial I/O mode selection bit 
Serial I/O enable bit 
< 



E 



i i — [Directional register) — *■ 



Data bus 



Data register f— 



4P 



^— P 






Serial I/O clock output — l^ 



>^q~| 



^J 



External clock input 



Fig. 31 Ports P0~P6 block diagram (single-chip mode) and output only pin output format (1) 
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P3 7 



Port P4 



Serial I/O enable bit 
Serial I/O m ode selection bit IW"W-^ 
Srdy output enable bit 

— < 



•-i 



Directional register I- 



-£- 



t— £ 



-< o 



:=* 



Serial ready output -£- 



, R/W, SYNC, RD, WR, RESETq 



^jPc^r 



3— O 

^1 



P5 ~P5 7 



P65/CS 
P6 6 /R ■ 
Bus interface enable bit — ■ 
< 



1 — I Directional register I— 



Data register [■ 





S- 



4 



■1 



Output buffer I — h»-, • 

P6 4 /A - 4 H> 

Status register j -f-fc?-' 

A 






— ^~ I Input buffer [— 



©P5 does not have a status register and OBF flag is set. 
©P5! does not have a status register and IBF flag is set. 
(3)P5 3 does not have a status register and A flag is set. 



P6 ~P6 2 



Data bus 



P6 3 



< — j Directional register (— 



■4i=- 



Bus interface enable bit — | 



ipD^rf 



-£ 



Interrupt input -— ^j| — ' 



Data bus 




Parallel ready output — {>■ 



P6 4 ~P6 7 



Data bus 



— {Directional register}- 



Bus interface enable bit n 
A 



Data register [- 



-£■ 



iOi 



f- 



4- 



DBB control input "*— 



DBB control input P6 4 A input 

P6 5 CS input 

P6 6 R_/E input 

P6 7 W/R/W input 



Fig. 32 Ports P0~P6 block diagram (single-chip mode) and output only pin output format (2) 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 
and 1 at address 00DF-| 6 ), three different operation modes 
can be selected; single-chip mode, memory expanding 
mode, and microprocessor mode. 

In the memory expanding mode and the microprocessor 
mode, ports P0~P2 can be used as address, and data in- 
put/output pins. 

Figure 34 shows the functions of ports P0~P2. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 33. 
By connecting CNV SS to V ss , all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. 
The three different modes are explained as follows: 



FFFF 16 - 




Microprocessor 
mode 



The shaded area is external memory area 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss - Ports P0~P2 will work as original I/O 
ports. 

(2) Memory expanding mode [01] 

The microcomputer will be placed in the memroy ex- 
panding mode when CNV SS is connected to V ss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D 7 ~D (including in- 
struction code) and loses its normal I/O functions. 

(3) Microprocessor mode [10] 

After connecting CNV SS to V cc and initiating a reset or 
connecting CNV SS to V ss and the processor mode bits 
are set to "10", the microcomputer will automatically 
default to this mode. In this mode, the internal ROM is 
inhibited so the external memory is required. Other 
functions are same as the memory expanding mode. 
The relationship between the input level of CNV SS and 
the processor mode is shown in Table 3. 



Fig. 33 External memory area in processor mode 
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Memory expanding mode 


Microprocessor 
mode 


Port PO 
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Same as left 
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Ports P0 7 ~P0 


Ports P0 7 ~P0 


X 


I/O port 




V Address A 7 ~A Y 


Port P1 






_r 




Same as left 


X 




' 1 1 


Ports P1 7 ~P1o 




Ports P1 7 ~P1 


I/O port 




Y Address A 15 ~A 8 Y 


Port P2 






_r 




Same as left 


X 




* I I 


Ports P2 7 ~P2 




Ports P2 7 ~P2 






I/O port 




V J Data \ 

r a D 7 ~ r 



Fig. 34 Processor mode and function of port P0~P2 



Table 3 Relationship between CNV S s pin input level and processor mode 



CNVss 


Mode 


Explanation 


V S s 


• Single-chip mode 

• Memory expanding mode 

• Microprocessor mode 


The single-chip mode is set by the reset. 

All modes can be selected by changing the processor mode bit with the program. 


Vcc 


• Microprocessor mode 


The microprocessor mode is set by the reset. 



MITSUBISHI 
k ELECTRIC 



2-595 



MITSUBISHI MICROCOMPUTERS 

M37450M2-XXXSP/FP,IVI37450IVI4-XXXSP/FP 

M37450M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
37. 

When an STP instruction is executed, the internal clock 
stops oscillating at "H" level. At the same time, FF 16 is set 
in the low-order byte of timer 1, 03 16 is set in the high-order 
byte, and timer 1 count source is forced to f(X, N ) divided 
by four. This connection is cleared when timer 1 overflows 
or the reset is in, as discussed in the timer section. 
The oscillator is restarted when an interrupt is accepted. 
However, the clock <p keeps its "H" level until timer 1 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the clock <t> stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er 1 count enable bit must be set to "1" and the timer 1 in- 
terrupt enable bit must be set to "0" before executing STP 
instruction. 

With the M37450, the MISRG2 bit 6 shown in Figure 22 can 
be used to double the bus cycle. However, the timer, 
UART, and PWM operations are unafffected. This facilitates 



accessing of slow peripheral LSIs when external memory 
and I/O are extended in memory expanding mode or mic- 
roprocessor mode. Note that this bit also affects the bus cy- 
cle in single-chip mode. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 35. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 36. 
X| N is the input, and Xqut is open. 





M37450M2-XXXSP 

X| N X UT 






29 


[ VtP- l 30 






ini f Rd 




777 777 


OUT 



Fig. 35 External ceramic resonator circuit 



M37450M2-XXXSP 

X|N 



29 



External oscillating circuit 



M\m 



Fig. 36 External clock input circuit 
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>n 



O 
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Fig. 37 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1 ) Processor status register 

1 . Except for the interrupt inhibit flag (I) being set to 
"1", the content of the processor status register (PS) 
is unpredictable after a reset. Therefore, flags affect- 
ing program execution must be initialized. 
The T flag and D flag which affect arithmetic opera- 
tions, must always be initialized. 

2 . A NOP instruction must be used after the execution 
of a PLP instruction. 

(2) Interrupts 

Even though the BBC and BBS instructions are ex- 
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Decimal operations 

1 . Decimal operations are performed by setting the de- 
cimal mode flag (D) and executing the ADC or SBC 
instruction. In this case, there must be at least one 
instruction following the ADC or SBC instruction be- 
fore executing the SEC, CLC, or CLD instruction. 

2. The N (Negative), V( Overflow), and Z(Zero) flags 
are ignored during decimal mode. 

(4) Timers 

1 . The frequency dividing ratio when n (0~ 65535) is 
written in the timer latch is 1/(n+1 ). 

2 . When directly writing a value in the timer, set the 
count enable bit to count disable (0) and write in the 
low-order byte first and then in the high-order byte. 

3 . The timer value must be read from the high-order 
byte first. 

(5) Serial I/O 

In clock synchronous serial I/O mode, if the receiver is 
to output an S RDY using an external clock, the receive 
enable bit, S RDY output enable bit, and transmission en- 
able bit must be set to "1". 

(6) A-D conversion 

The comparator consists of coupling capacitors that 
lose their charge when the clock frequency is low. 
Therefore,f(X| N )must be no less than 1MHz during A-D 
conversion. (If the bus cycle control bit is "1", the bus 
cycle is doubled and the A-D conversion time is also 
doubled, therefore, f (X| N ) must not be less than 
2MHz.) Also, the STP and WIT instructions must not be 
executed during A-D conversion. 

(7) STP instruciton 

The STP instruction must be executed after setting the 
timer 1 count enable bit (bit 4 at address 00DE 16 ) to 
enable ("1")- 



(8) Multiply/Divide instructions 

1 . The MUL and DIV instructions are not affected by 

the T and D flags. 
2 . The contents of the processor status register are un- 
affected by multiply or divide instructions. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

• mask ROM order confirmation form 

• mark specification form 

• ROM data EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors are 
at "off" state. 


-0. 3— 7 


V 


V| 


Input voltage X| N , RESET 


—0. 3— 7 


V 


v, 


Input voltage P0 ~P0 7 , P1 ~P17> P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 
P6o~P6 7 , ADVr EF> DAVref, 
\ Vr E f, AV cc 


. -0.3~Vcc+0.3 


V 


V, 


Input voltage CNV SS 


-0.3—13 


V 


Vo 


Output voltage P0 ~P0 7> P1 ~P17, P2 ~P2 7 , 

P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7l X ut- <t> 
R/W, RD, WR, SYNC, RESET ut 


-0.3~V cc +0.3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note 1) 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




. -40—125 


°C 



Note 1 '. 500mW in case of the flat package 



RECOMMENDED OPERATING CONDITIONS 





(V cc =5V±10%,Ta=-1CK 


70°C unless otherwise noted) 


Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V S s 


Supply voltage 









V 


V,H 


"H" input voltage RESET, X, N , CNVss (Note 2) 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P0 ~P0 7 ,.P1o~Pl7, P2 ~P2 7 . 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 
(expect Note 2) 


2.0 




Vcc 


V 


V, L 


"L" input voltage CNV SS (Note 2) 







0. 2V CC 


V 


V, L 


"L" input voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 
(expect Note 2) 







0.8 


V 


v, L 


"L" input voltage RESET 







0. 12V CC 


V 


v, L 


"L" input voltage X| N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P17 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 (Note 3) 






5 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 7 , P1 ~P17 
P2 ~P2 7 , R3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 (Note 3) 






-5 


mA 


f (x, N ) 


Internal clock oscillating frequency 


1 




10 


MHz 



Note 2 : Ports operating as special function pins INT 1 ~INT 3 (P6o~P62), EV-,~EV3(P3o~P3 2 ), R X D(P3 4 ), 

Sclk(P3 6 ) 
Note 3 '. loL(avg) an d loH(avg) a re tne average current in 100ms. 
Note 4 : The total of l OL of Port P0, P1 and P2_should be 40mA (max.). 

The total of l OL of Port P3, P5, P6, R/W SYNC, RESET OU t. RD, WR and <?> should be 40mA (max.). 

The total of l OH of Port P0, P1, and P2_should be 40mA (max.). 

The total of l OH of Port P3, P5, P6, R/W, SYNC, RESET OU t, RD, WR, and <f> should be 40mA (max.). 
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ELECTRIC CHARACTERISTICS (Vcc=5v±io%,v S s=ov 1 T a =-io~70 c,f(x IN )=iOMHz) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage RD, WR, R/W, SYNC, RESET 0U t, <t> 


l 0H =-2mA 


Vcc-1 






V 


Vqh 


"H" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


Ioh =— 5 mA 


Vcc-1 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 
RD, WR, R/W, SYNC, RESETqut, <t> 


l L=2mA 






0.45 


V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


Iol =5 mA 






1 


V 


V t + - V T _ 


Hysteresis INT,~3(P6o~P3 2 ), EV^^o-PSa) 
R X D(P3 4 ), S CL k(P3 6 ) 


Function input level 


0.3 




1 


V 


v T + - V T _ 


Hysteresis RESET 








0.7 


V 


V T + - V T _ 


Hysteresis X| N 




0.1 




0.5 


V 


IlL 


"L" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 , RESET, X, N 


V,=V S s 


-5 




5 


UA 


llM 


"H" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 , RESET, X| N 


V, =V CC 


-5 




5 


ma 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


Ice 


Supply current 


f(X lN ) = 10MHz 

At system operation 




6 


10 


mA 


At stop mode 
(Note 5) 




1 


10 


^A 



Note 5 : The terminals RD, WR, SYNC, R/W, RESETqut. <t>, X OU t. D-At and D-A 2 are all open.The other ports, which are in the input 
mode, are connected to V S s- A-D converter is in the A-D completion state. The current through ADV RE f and DAV REF is not 
included. (Fig. 41 ) 

A-D CONVERTER CHARACTERISTICS 





(V C c= 


AV CC =5V, V ss =AV S s=0V, T a =25°C, 


f(X| N ) = 10MHz unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 








8 


Bits 


— 


Absolute accuracy 


Vcc=AV C c=ADVref=5. 12V 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








49 


tc(0) 


V, A 


Analog input voltage 




AV SS 




AVcc 


V 


Vadvref 


Reference input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF = 5 V 


2 


7.5 


10 


kn 


'lADVREF 


Reference input current 


ADV REF =5V 


0.5 


0.7 


2.5 


mA 


Vavcc 


Analog power supply input voltage 






Vcc 




V 


Vavss 


Analog power supply input voltage 











V 



D-A CONVERTER CHARACTERISTICS (Vcc= 5 V, V S s=AV S s= V, T a =25°C unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 
Bits 


Min. 


Typ. 


Max. 
8 


- 


Resolution 








- 


Full scale deviation 


V cc =DAVref=5V 






1.0 


% 


tsu 


Set time 








3 


jus 


Ro 


Output resistance 




1 


2 


4 


kf2 


Vavss 


Analog power supply input voltage 











V 


Vdavref 


Reference input voltage 




4 




Vcc 


V 


I DAVREF 


Reference power input current 







2.5 


5 


mA 
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TIMING REQUIREMENTS 

POlt/Single-Chip mode (V CC =5V±10%, V ss =0V, T a =-10~70 - C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsil(POD— </>) 


Port PO input setup time 


Fig.38 


200 






ns 


tsu(piD— </>) 


Port P1 input setup time 


200 






ns 


*SU(P2D— </>) 


Port P2 input setup time 


200 






ns 


tsil(P3D— <t>) 


Port P3 input setup time 


200 






ns 


tsU(P4D— <t>) 


Port P4 input setup time 


200 






ns 


*SU(P5D— <t>) 


Port P5 input setup time 


200 






ns 


*SU(P6D— 4>) 


Port P6 input setup time 


200 






ns 


*h(<*— POD) 


Port PO input hold time 


MO 






ns 


l h((*— P1D) 


Port P1 input hold time 


40 






ns 


*h(<*— P2D) 


Port P2 input hold time 


40 






ns 


th((*— P3D) 


Port P3 input hold time 


40 






ns 


th(<6— P4D) 


Port P4 input hold time 


40 






ns 


*h(^— P5D) 


Port P5 input hold time 


40 






ns 


th(<*— P6D) 


Port P6 input hold time 


40 






ns 


tc(X, N ) 


External clock input cycle time 


100 




1000 


ns 


tw(XiNL) 


External clock input "L" pulse width 


30 






ns 


tw(XiNH) 


External clock input "H" pulse width 


30 






ns 


t r (X, N ) 


External clock rising edge time 






20 


ns 


tf(X IN ) 


External clock falling edge time 






20 


ns 



Master CPU bus interface timing (R and W separation type mode) 







(V C c=5V±10% ) Vss=0V,T 


a =-10~ 


70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(cs— R) 


CS setup time 


Fig.39 









ns 


tsu(cs— w) 


CS setup time 









ns 


th(R— cs) 


CS hold time 









ns 


th(w— cs) 


CS hold time 









ns 


tsU(A— R) 


A setup time 


40 






ns 


tsU(A— W) 


A setup time 


40 






ns 


th(R-A) 


A hold time 


10 






ns 


th(w— A) 


A hold time 


10 






ns 


tw(R) 


Read pulse width 


160 






ns 


tw(w) 


Write pulse width 


160 






ns 


tsiHD— W) 


Date input setup time before write 


100 






ns 


th(w— D) 


Date input hold time after write 


10 






ns 



Master CPU bus interface timing (R/W type mode) 







(V CC =5V±10%, V ss =0V, T 


a =-10~ 


70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(cs— E) 


CS setup time 


Fig.39 









ns 


th(E-cs) 


CS hold time 









ns 


tsU(A— E) 


A setup time 


40 






ns 


th(E-A) 


A hold time 


10 






ns 


tsil(RW— E) 


R/W setup time 


40 






ns 


th(E — RW) 


R/W hold time 


10 






ns 


*W(EL) 


Enable clock "L" pulse width 


160 






ns 


tw(EH) 


Enable clock "H" pulse width 


160 






ns 


tr(E) 


Enable clock rising edge time 






25 


ns 


tf(E) 


Enable clock falling edge time 






25 


ns 


*SU(D— E) 


Data input setup time before write 


100 






ns 


th(E-D) 


Data input hold time after write 


10 






ns 
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Local bus/memory expansion mode, microprocessor mode 

(V CC =5V±10%, V S s=0V, T a =-10~70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(D-sO 


Data input setup time 


Fig.40 


130 






ns 


th(^-D) 


Data input hold time 









ns 


*SU(D— RD) 


Data input setup time 


130 






ns 


th(RD— D) 


Data input hold time 









ns 
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SWITCHING CHARACTERISTICS 

Port/Single-Chip ; mode (V CO =5V±10%, V ss =0V, T a =-10~7Crc, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tdCtf— POQ) 


Port PO data output delay time 


Fig.38 






200 


ns 


tcKt*— P1Q) 


Port P1 data output delay time 






200 


ns 


tdCfli— P2Q) 


Port P2 data output delay time 






200 


ns 


td(<*— P3Q) 


Port P3 data output delay time 






200 


ns 


*d(<*— P6Q) 


Port P5 data output delay time 






200 


ns 


' *d(<*— P6Q) 


Port P6 data output delay time 






200 


ns 


*C(0) 


Cycle time 


400 




4000 


ns 


tw(<4H) 


clock pulse width ("H" level) 


190 






ns 


tw(?»L) 


<t> clock pulse width ("L" level) 


170 






ns 


tr(0) 


clock rising edge time 






20 


ns 


tf(*) 


<t> clock falling edge time 






20 


ns 



Master CPU bus interface (R and W separation type mode) 



(V C c=5V±10%, V ss =0V, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


ta(R— d) 


Data output enable time after read 


Fig.39 






120 


ns 


tv(R— D) 


Data output disable time after read 


10 




85 


ns 


tpLH(R— PR) 


P RDY output transmission time after read 






150 


ns 


tpi_H(W — PR) 


P R dy output transmission time after write 






150 


ns 



Master -CPU bus interface (R/W type mode) (v cc =5v±io%, v ss =ov, T a =-io~7o°c, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


ta(E-D) 


Data output enable time after read 


Fig.39 






120 


ns 


W(e-d) 


Data output disable time after read 


10 




85 


ns 


tpi_H(E— PR) 


P RDY output transmission time after E clock 






150 


ns 



Local bus/memory expansion mode, microprocessor mode 

(V CC =5V±10%, V ss =0V, T a =- 



10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(9*-A) 


Address delay time after <t> 


Fig. 40 






150 


ns 


W(0— A) 


Address effective time after <f> 


10 






ns 


tv(RD — A) 


Address effective time after RD 


10 






ns 


tv(WR— A) 


Address effective time after WR 


10 






ns 


td(?*-D) 


Data output delay time after <f> 






160 


ns 


td(WR— D) 


Data output delay time after WR 






160 


ns 


tv(^-D) 


Data output effective time after $ 


20 






ns 


tv(WR — D) 


Data output effective time after WR 


20 






ns 


*d(<*— RW) 


R/W delay time after <i> 






150 


ns 


td(<*— SYNC) 


SYNC delay time after i> 






150 


ns 


tw(RD) 


RD pulse width 


170 






ns 


t\A/(WR) 


WR pulse width 


170 






ns 
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TEST CONDITION 

Input voltage level : V, H 2. 4V 
V IL 0.45V 
Output test level : V OH 2.0V 
Vql 0.8V 





Fig. 38 Test circuit in 

single-chip mode 



Fig. 39 Master CPU bus interface 
test circuit 



-e- 



-e- 



PO 

P1 

P2 

P3 

P4 

P5 

P6 

CNV s: 

AV SS 

Vss 



V c . 
AV C 



ADV REF 
DAV REF 

D-A1 
D-A2 
RD 
WR 
R/W 
SYNC 
RESETqut 



X| N X 




'cc 
(test point) 

other power 
supply 



open 




Fig. 40 Local bus test circuit 



Fig. 41 l cc (at stop mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 



-tc(X, N )- 



J 



Port Pi input 



Port Pi output 



2.0 



> 



-tW(^H)- 



-td^-pjo)- 



tw(X 1N H) tw(X 1N L) 



YJXj^\ 



tf(X, N H 




2^t * 



\G7 



-tW(^L)- 



-tf( ) 



tSUCpJD-,4) 



£ 



2.0 



-tr(0) 



th(^- P j D : 



Note : V,H=0.8V C c, V, L =0.16V cc ofX| N 

Master CPU bus interface/ R and W separation type timing diagram 
Read 



A 



DB ~DB 7 



tSU( A _ R ) 



XTT" 
0.45 



0.45\ 



th(p-A) 

««? *- 



tsu(cs-R) th( R -cs) 



2.4\ f 7 !. 

\0.45 0.45/ 



ta(R-o) 



-tW(R)- 



<2.0 
0J_ 






A 



45 



0.8 



tV(R-D) 



j^T 
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A 



DB ~DB 7 



tSU( A _ w) 



XI 



.4 
1.45 



0.45 



\ 



tsU( C s-w) th(w-cs) 



-tW(w)- 



\0.45 0.45/ 



<l 



tSU(o-W) 



045, <\ 



/ 



0.45 



2.4 

"*■ th( W - D ) 



V 1 - 

/^0.45 



•J- 2.0 



tpLH(W-PR) 



Master CPU interface/ R/W type timing diagram 



A 
R/W 

CS 



DB ~DB 7 



write 
DB ~DB 7 



V 



45 



> 



tw (EL) 



0.45 



7 



tSU( A _ E) 






0.45 



\ 



tSU(cs-E) 



ta( E - D ) 



tW( E H) 



2.4 



- tr (E} 



n 



th(E-CS)" 



2.0/ 

08\ 



tSU( D _ E ) 



^0.45 



0.45 



tf(E) 



th (E 



XZ 



/ 



45 



tV(E-D) 
th(E-D) 



> 



2.0 



tpLH(E— PR) 
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Local bus timing diagram 



R/W 
SYNC 



A ~A 1{ 



D ~D 7 
CPU read 



D ~D 7 
CPU write 



J 



tC(^) 



tW(^H) 



X 



td(0_ RW) »■ 



\ 



X 



'td(*- A . 



tW(^L) 



/ 



tf(*) 



tSU( D -*) 



< r~ > 



< 



-tr<*) 



XZ 



tV(*- A ) 



;xz 



*-th(^- D ) 



> 



tV(^-D) 



A ~D 15 



D ~D 7 
CPU read 



WR 



D ~D 7 
CPU write 



X 



K 



X 



tW(R D ) 



-tSU( D _ RD )- 



/ 



< 



tV(RD-A) 



th(R D -D 



> 



\ 



-tW( W R)- 



/ 



td(wR-D) 



tV(WR-A) 



< > 



tV(WR-D) 
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DESCRIPTION 

The M37450S1SP/FP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. In addition to its simple instruction sets, the 
ROM, RAM and I/O addresses are placed on the same 
memory map to enable easy programming. It is suited for 
office automation equipment and control devices. The low 
power .consumption made possible by the use of a CMOS 
process makes it especially suitable for battery powered 
devices requiring low power consumption. It also has a uni- 
que feature that enables it to be used as a slave micro- 
computer. 

M37450S1SP/FP, M37450S2SP/FP and M37450S4SP/FP 
have basically the same functions as M37450M2-XXXSP/FP 
except the RAM size and the fact that these three need ex- 
ternal ROM area. The differences among M37450S1SP/FP, 
M37450S2SP/FP and M37450S4SP/FP are as shown below. 



Type 


RAM size 


M37450S1SP/FP 


128 bytes 


M37450S2SP/FP 


256 bytes 


M37450S4SP/FP 


448 bytes 



Also M37450S1SP has the same function as M37450M2- 
XXXSP/FP in microprocessor mode and M37450S2SP/FP 
has the same function as M37450M4-XXXSP/FP in microp- 
rocessor mode. 

DISTINCTIVE FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions + 2 multiply/divide in- 
structions 

© Memory size ROM • None 

RAM 128 bytes (M37450S1SP/FP) 

256 bytes (M37450S2SP/FP) 
448 bytes (M37450S4SP/FP) 

• Instruction execution time 

(Shortest instruction at 10 MHz) 0.8/^s(min.) 

• Single power supply 5V±10% 

• Power dissipation normal operation mode 

(at 10MHz frequency) 30mW 

® Subroutine nesting ••••64 levels max. (M37450S1SP/FP) 

• Interrupts 15 events 

• Master CPU bus interface 1 byte 

• 16-bit timer • 3 

© 3-bit timer (Serial I/O use) i 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8bit resolution) 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (8-bit resolution) ••••• 2 channels 

• PWM output (8-bit or 16-bit) 1 

• Programmable I/O 

(Ports P0, P1, P2, P3, P5, P6) • 48 

• Input (Port P4) ••••• 3 (DIP), 8 (QFP) 

• Output (Port D-A 1( D-A 2 ) 2 



PIN 


CONFIGURATION (TOP VIEW) 






P3 7 /S RD y "*"*■ l_L 




\J 




13 v cc 




P3e/S C LK ■^'LZ. 








H AV SS 






P3 5 /TxD**[T 








62l +- v Reference 
^J REF voltage input 


I/O 


P3 4 /RxD«-[T 








ID— D-A! 1 D . A 


port P3 


P3 3 /PWMout~[I 








H] -*■ D-A 2 1 output 




P3 2 /EV 3 «-[£ 








11 *- P4 /AN 






P3,/E\/ 2 ++[T 








U—PVAN! 


Input 


P3o/E\/^^[l 








57] «- P4 2 /AN 2 


port P4 




P5 7 /DB 7 «-[T 








1^A 






P5 6 /DB 6 ~[]0 








m— a. 






P5 5 /DB 5 *>[TT 








m-^A 2 




I/O 


P5 4 /DB 4 — m 








10 -A3 




port P5 


P5 3 /DB 3 ~[J3 








m— A4 






P5 2 /DB 2 **H4 


§: 


^ 


£ 


H-A 5 






PS^DBi-wQ! 


CO 


CO 

■^1 


CO 

-vl 


1 — Afl 






P5 /DB «-ni 
P6 7 /W«-»[J7 


CJl O 

O -« 
V) 


450S 

or 
450S 


1 — A 7 
U-Ab 


Address 
bus 




P6 6 /R^[T8 


03 


0) 


0) 


1-*A 9 






P65/CS +* m 


TJ 


U 


■u 


H-^A 10 




I/O 


P64/AO «-* [20 








1— An 




port P6 


P6 3 /Prdy~I21 
P6 2 /INT 3 ^H 
PSi/INTa**!! 








3-A 12 
1-A 13 

H—A 14 




Read/Write P6 o /INT i^H 








SJ-A 16 




status output R/W -»- [25 








40]^ D 




Synchronous SYNC*— HI 








39J-HVD! 




signal output != 
CNVss-*!! 








U^D 2 




Reset input RESET-* [28 








H-W-Dg 




Clock input X, N ~ ^ HI 








H^D 4 


Data bus 


Clock output X UT *~ H2 








!«*D 6 




Timing output <}>■*— [3T 








1**D 6 






V ss 1 








33] +*D 7 






Outline 64P4B 



APPICATION 

Slave controller for PPCs, facsimiles and page printers 
HDD, optical disk, inverter and industrial motor controllers 
Industrial robots and machines 
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MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP,M37450S2SP/FP 
M37450S4SP/FP 

8-BIT CMOS MICROCOMPUTER 



PIN CONFIGURATION (TOP VIEW) 





z z 
< < 


Z 
< 


z 
< 


z z z 
< < < 


































a. o. 


2 


<* 

Q. 


^r ■* ^ o 

Q. Q. Q. < 


<<<<<<<<< 


< < < 


< 


< < z 






1 I 


1 


1 


lilt 


ttt'tttttt 


t t.t 


t 


t t 






fflliillSlffi 13 13 |ii||3l»l|i^ 




P4 /AN 


-.1 


















4(5] — 


Do 


D-A 2 


♦-[66 


















!~ 


Di 


D-A, 


-[17 


















38]- 


D 2 


DAV REF 


-►[68 


















m~ 


D 3 


ADV REF 


-.[69 


















u- 


D 4 


AV SS 


[70 










M37450S1 FP 








35J- 


D 5 


AVcc 


m 










or 








34J- 


D 6 


Vcc 


[72 










M37450S2FP 








33J- 


D 7 


Vss 


d 










or 








32j 


Vss 


P3 7 /S RD Y 


-[74 










M37450S4FP 








2LJ- 


* 


P36/S C LK 


-[75 


















30J 


NC 


P3 5 /T X D 


-[76 


















29]- 


XoUT 


P3 4 /R X D 


-[77 


















28]- 


X|N 


P3 3 /PWM OU T 


-[78 


















27] 


NC 


P3 2 /EV 3 


-[79 


















lH- 


RESET 


NC 


[80 


















l- 


CNVss 



llJllJL3jliJL5jll]L7]L8jL^[l0j[nJ[l2][l3iyy[l6][l7JH 

iiitinmitininmii 

g > > m df m iff £ $ m ml^^lg S TS £ h ^|g|gl| g g 

in in "- a.Q- ( 5 , (o'(OCO W 

Q. Q. DL Q. W 

DC 

Outline 80P6 



NC '. No connection 
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M37450S1FP BLOCK DIAGRAM 



Clock Clock Timing 

input output output 

X, N XouT 

— @ & 



Reset Reset 
input output 
RESET RESETqut 



(5V) (OV) 
V C c V ss V ss 




00 



o 

S 

o 



^ v ' ^ -v AV cc AV S s> v ' " 

I/O port P6 I/O port P5 adv Ref input port P4 ^p^ i/0 P ort P3 Data bus 

Note 1 : 256 bytes for M37450S2FP and 448 bytes for M37450S4FP. 



Address bus 



o 

o 
o 

o 
S 

■o 
c 

H 

m 



23 

WW 
^£> 

<ntn 
oo 

*»* 
en en 



= -o-o -a- 
w a 



2 s 

* o 
K) © 



M37450S1SP BLOCK DIAGRAM 



Clock Clock Timing Reset 

input output output, in P ut 

x in Xqut i> RESET 

— §-- ~ 



(5V) 
Vcc 



(OV) 
V S s 




I/O port P6 



I/O port P5 



Input port P4 



I/O port P3 



I/O port P2 Data bus 



CNV S < 
Address bus (5V) 



Note 1 : 256 bytes for M37450S2SP and 448 bytes for M37450S4SP. 



32 

WW 

*£> 
wen 
oo 

(AC* 

*** 
■n-n S 



o 

S 

o 

(A 



O 

o 
o 

o 
S 

"0 

c 

H 

m 



■o-o 


(0 


V* 


C 


2 


E 


CO 


z 


^ 


2 


tfl 


o 


o 


33 


10 


O 

o 

o 


(A 


2 


■o 


"0 

c 


*^>. 


H 


■n 


m 


TJ 


JU 



MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP.M37450S2SP/FP 
M37450S4SP/FP 



8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M37450S1 SP/FP, M37450S2SP/FP, M37450S4SP/FP 


Parameter 


Function 


Number of basic instructions 


71(69 MELPS 740 basic instructions+2) 


Instruction execution time 


0. 8/<s( minimum instructions, at 10MHz of frequency) 


Clock frequency 


10MHz(max.) 


RAM size 


M37450S1 SP/FP 


128 bytes 


M37450S2SP/FP 


256 bytes 


M37450S4SP/FP 


448 bytes 


Input/Output port 


P3, P5, P6 


I/O 


8-bitX3 


P4 


Input 


3-bitX1(8-bitX1 for 80-pin model) 


D-A 


Output 


2-bitX1 


Serial I/O 


UART or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer( serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels(8 channels for 80-pin model) , 


D-A converter 


8-bitX2 channels 


Pulse width modulator 


8-bit or 16-bitX1 


Data bus buffer 


1 -byte input and output each 


Subroutine nesting 


64-levels(max. for M37450S1 SP/FP) 


96-levels(max. for M37450S2SP/FP, M37450S4SP/FP) 


Interrupts 


6 external interrupts, 8 internal interrupts one software interrupt 


Clock generating circuit 


Built-in( ceramic or quarts crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW(at 10MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA(max.) 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


M37450S1SP, M37450S2SP, M37450S4SP 


64-pin shrink plastic molded DIP 


M37450S1FP, M37450S2FP, M37450S4FP 


80-pin plastic molded QFP 
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MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP.M37450S2SP/FP 
M37450S4SP/FP 

8-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 






Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V S s- 


CNVss 


CNVss 


Input 


This is connected to V C c- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2^s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and Xout pins. If an external clock is used, the clock 
source should be connected to the X| N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 





Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four. 


SYNC 


Synchronous signal 
output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs. 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus. It is "H" during read and "L" during write 


A ~A 15 


Address bus 


Output 


This is 16-bit address bus. 


D ~D 7 


Data bus 


I/O 


This is 8-bit data bus. 


P3 ~P3 7 


Input/Output port P3 


I/O 


Port P3 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programed as 
input or output. The output structure is CMOS output. Serial I/O, PWM output, or even I/O function can be 
selected with a program. 


P4 ~P4 2 
(P4 ~P4 7 ) 


Input port P4 


Input 


Analog input pin for the A-D converter. The 64-pin model has three pins and the 80-pin model has eight 
pins. They may also be used as digital input pins. 


P5 ~P5 7 


Input/Output port P5 


I/O 


An 8-bit input/output port with the same function as P3. This port functions as an 8-bit data bus for the mas- 
ter CPU when slave mode is selected with a program. 


P6 ~P6 7 


Input/Output port P6 


I/O 


An 8-bit input/output port with the same function as PO. Pins P6 3 ~P6 7 change to a control bus for the mas- 
ter CPU when slave mode is selected with a program. Pins P6 ~P6 2 may be programmed as external in- 
terrupt input pins. 


D-A 1( D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output. 


Vref 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter. This pin is for 64-pin model only. 


ADV REF 


A-D reference voltage 
input 


Input 


Reference voltage input pin for A-D converter. This pin is for 80-pin model only. 


DAV REF 


D-A reference voltage 
input 


Input 


Reference voltage input pin for D-A converter. This pin is for 80-pin model only. 


AVss 


Analog power supply 




Ground level input pin for A-D and D-A converter. Same voltage as V S s is applied. 


AVcc 


Analog power supply 




Power supply input pin for A-D converter. This pin is for 80-pin model only. Same voltage as V C cis applied. 
In the case of the 64-pin model AV C c is connected to V C c internally. 


RD 


Read signal output 


Output 


Control signal output as active "L" when valid data is read from data bus. This pin is for 80-pin model only. 


WR 


Write signal output 


Output 


Control signal output as active "L" when writing data from data bus to external component. This pin is for 
80-pin model only. 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset. It is used as a. reset output signal for peripheral compo- 
nents. This pin is for 80-pin model only. 
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MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP,M37450S2SP/FP 
M37450S4SP/FP 

8-BIT CMOS MICROCOMPUTER 



BASIC FUNCTION BLOCKS 

The differences between M37450M2-XXXSP/FP and M374- 
50S1SP/FP are noted below. Other functions are the same 
as M37450M2-XXXSP/FP in microprocessor mode. 

MEMORY 

A memory map for the M37450S1SP/FP is shown in Figure 
1. Addresses FF00-| 6 to FFFF-, 6 are a special address area 
(special page) . By using the special page addressing 
mode of the JSR instruction, subroutines addressed on this 
page can be called with only 2 bytes. Addresses, FFE0 16 to 
FFFF 16 are vector addresses used for the reset and inter- 
rupts (This area must be located in ROM area). 
Addresses 0000 16 ~OOFF 16 are the zero page address area. 



By using the zero page addressing mode, this area can 
also be accessed with 2 bytes. The use of these addres- 
sing methods will greatly reduce the object size required. 
The RAM, I/O port, timer, etc., are assigned to this area. 
Addresses 0000 16 to 007F 16 are the RAM address area 
assigned to the M37450S1SP/FP and consist of 128 bytes. 
Addresses 0000 16 to 00BF 16 and 0100 16 to 013F 16 are the 
RAM address area assigned to the M37450S2SP/FP and 
consist of 192 bytes and 64 bytes respectively. 
Addresses 0000 16 to 00BF 16 and 0100 16 to 01FF 16 are the 
RAM address area assigned to the M37450S4SP/FP and 
consist of 192 bytes and 256 bytes respectively. 
In addition to data storage, this RAM is used for the stack 
during subroutine calls and interrupts. 



RAM for 

M37450S2SP/FP 
M37450S4SP/FP 
(192 bytes) 



RAM for 

M37450S1SP/FP 
(128 bytes) 



RAM for 

M37450S4SP/FP 
(256 bytes) 



RAM for 

M37450S2SP/FP 
(64 bytes) 




013F 16 



01FF 1f 



FF00 16 



FFE0 16 



FFFF 16 



> Zero page 



Interrupt vector area 



\ Special page for 
* subroutine call 



65535 



Note 1 '. Refrain from using this area because it is reserved for future expansion and system area extention. 



Fig. 1 Memory map 
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M37450S1SP/FP,M37450S2SP/FP 
M37450S4SP/FP 

8-BIT CMOS MICROCOMPUTER 



00D6 16 
00D7 16 
00D8 16 
00D9ie 
00DA 16 
00DB 16 
00DC 16 
00DD 16 
00DE 16 

00DF 16 
00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 










P3 register 


00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
0OF3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
00FE 16 
00FF 16 


PWM register (low-order) 




P3 directional register 


PWM register (high-order) 


P4 register 


Timer 1 control register 


Reserved 


Timer 2 control register 


P5 register 


Timer 3 control register 


P5 directional register 


Timer 1 register (low-order) 


P6 register 


Timer 1 register (high-order) 


P6 directional register 


Timer 1 latch (low-order) 


MISRG1 


Timer 1 latch (high-order) 


MISRG2 


Timer 2 register (low-order) 


D-A1 register 


Timer 2 register (high-order) 


D-A2 register 


Timer 2 latch (low-order) 


A-D register 


Timer 2 latch (high-order) 


A-D control register 


Timer 3 register (low-order). 


Data bus buffer register 


Timer 3 register (high-order) 


Data bus buffer status register 


Timer 3 latch (low-order) 


Receive/transmit buffer register 


Timer 3 latch (high-order) 


Serial I/O status register 


Interrupt request register 1 


Serial I/O control register 


Interrupt request register 2 


UART control register 


Interrupt control register 1 


Baud rate generator 


Interrupt control register 2 











Fig. 2 SFR (Special Function Register) memory map 
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MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP,M37450S2SP/FP 
M37450S4SP/FP 

8-BIT CMOS MICROCOMPUTER 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors are 
at "OFF" state. 


-0.3—7 


V 


V! 


Input voltage RESET, X| N 


-0.3—7 


V 


V, 


Input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3o~P3 7l P4 ~P4 7 , P5 ~P5 7 
• P6 ~P6 7l ADV REF , DAV REFl 
Vref. AVcc 


-0.3~V cc +0.3 


V 


Vi 


Input voltage CNV S s 


-0.3—13 


V 


Vo 


Output voltage P0 ~P0 7 , P1o~P1z, P2 ~P2 7 , 
P3o~P3 7 , P5 ~P5 7 , P6 ~P6 7) 
Xout, <t>, RD, WR, R/W, 
RESETout, SYNC 


-0.3— V cc +0.3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 (Note 1) 


mW 


Topr 


Operating temperature 




-10—70 


°c ; 


Tstg 


Storage temperature 




—40—125 


°C 



Note 1 : 500mW for QFP type. 



RECOMMENDED OPERATING CONDITIONS 



(Vcc=5V±10%, Ta=— 10—7CTC unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V, H 


"H" Input voltage RESET, X, N , CNV SS (Note 2) 


0. 8V CC 




Vcc 


V 


V, H 


"H" Input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 (except Note 2) 


2.0 




Vcc 


V 


V, L 


"L" Input voltage CNVss (Note 2) 







0. 2V C c 


V 


V, L 


"L" Input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 (except Note 2) 







0.8 


V 


V, L 


"L" Input voltage RESET 







0. 12V CC 


V 


v IL 


"L" Input voltage X| N 







0.1 6 V cc 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P1z 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current POo~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P5o~P5 7 , P6 ~P6 7 (Note 3) 






5 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 7 , P1 ~P17 
P2 ~P2 7 , "P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 






-10 


mA 


'oH(avg) 


"H" average output current POo~P0 7 , P1o~P17 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 (Note 3) 






-5 


mA 


f(x, N ) 


Clock oscillating frequency 


1 




10 . 


MHz 



Note 2 : Ports operate as INT 1 ~INT 3 (P6o~P6 2 ) l EV 1 ~EV 3 (P3 ~P3 2 ), R X D(P3 4 ) and S CLK (P3 6 ) 
Note 3 *. The average output current l H(avg) and 'oL(avg) are tne average value during a 100ms. 
Note 4 : The total of "L" output current loupeak) of P°rt P0.-P1 and P2 is less than 40mA. 

The total of "H" output current loH(peak) of P ort p °. p1 and p2 _i s less tnan 40mA. 

The total of "L" output current loupeak) of port P3, P5.P6, R/W SYNC, RESET OU t, RD, WR and <fi 

is less than 40mA. _ . 

The total of "H" output current l H(peak) of port P3, P5, P6, R/W SYNC, RESET OU t> RD, WR and 
i> is less than 40mA. 
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MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP,M37450S2SP/FP 
M37450S4SP/FP 

S-BIT CMOS MICROCOMPUTER 



ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, V ss = OV, T a = -10~70°C, f(X IN ) = 10MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


V H 


"H" output voltage RD, WR, R/W, SYNC, RESETout, <t> 


Ioh=— 2mA 


Vcc-1 






V 


Vqh 


"H" output voltage P0 ~P0 7> P1 ~P17, P2 ~P2 7 
P3 ~P3 7l P5 ~P5 7 , P6 ~P6 7 


Ioh =— 5mA 


Vcc-1 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7l P6 ~P6 7 
RD, WR, R/W, SYNC, RESETout. <t> 


l L=2mA 






0.45 


V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7> P5o~P5 7 , P6 ~P6 7 


loL=5mA 






1 


V 


V t +-V t _ 


Hysterisis INT^INTaCPBo-PBz), EV^EVatPSo-PSa), 
R X D(P3 4 ), S CL k(P3 6 ) 


Function input level 


0.3 




1 


V 


V T +-V T _ 


Hysterisis RESET 








0.7 


V 


V t +-V t _ 


Hysterisis X| N 




0.1 




0.5 


V 


I.l 


"L" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 , RESET, X, N 


V,=V SS 


-5 




5 


juA 


■lH 


"H" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 


V,=V CC 


-5 




5 


MA 


P6 ~P6 7 , RESET, X, N 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


'cc 


Supply current 


At system operation 
f(X, N )=10MHz 




6 


10 


mA 


At stop mode (Note 5) 




1 


10 


juA 



Note 5 



The terminals RD, WR, R/W, SYNC, RESET OU t. <t>, D-Ai and D-A 2 are all open. The other ports, 
to V S s- A-D converter is in the A-D completion state. The current through ADV REF and DAV REF is 



which are in the input mode, are connected 
not included(Fig.6). 



A-D CONVERTER CHARACTERISTICS 





(Vcc = 


= AVcc = 5V, V ss = AV SS = 0V, T a = 25°C 


f(XiN)=10MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 








8 


Bits 


— 


Absolute accuracy 


Vcc=AV C c=ADVr EF =5. 12V 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








1 49 


t c (0) 


v IA 


Analog input voltage 




AV SS 




AVcc 


V 


Vadvref 


Reference input voltage 




2, 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF =5V 


2 


7.5 


10 


kn 


'lADVREF 


Reference input current 


ADV REF =5V 


0.5 


0.7 


2.5 


mA 


Vavcc 


Analog power supply input voltage 






Vcc 




V 


Vavss 


Analog power supply input voltage 











V 



D-A CONVERTER CHARACTERISTICS (Vcc = S'V, V ss = AV SS = OV, T a = 25C , unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 








8 


Bits 


— 


Abusolute accuracy 


V CC =DAV REF =5.12V 






1.0 


% 


^su 


Setup time 








3 


jus 


Ro 


Output resistance 




1 


2 


4 


kO 


Vavss 


Analog power supply input voltage 











V 


Vdavref 


Reference input voltage 




4 




Vcc 


V 


I DAVREF 


Reference power input current 







2.5 


5 


mA 
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TIMING REQUIREMENTS 

Port/Single-Cllip mode (V CC =5V±10%, V ss =0V, T a =-10~7lTC, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU(POD — <A) 


Port PO input setup time 


Fig. 3 


200 






ns 


tsU(P1D — <&) 


Port P1 input setup time 


200 






ns 


tsU(P2D— <t>) 


Port P2 input setup time 


200 






ns 


tsU(P3D— <A) 


Port P3 input setup time 


200 






ns 


tsU(P4D— <t>) 


Port P4 input setup time 


200 






ns 


tsU(P5D— <t>) 


Port P5 input setup time 


200 






ns 


tsU(P6D—«4) 


Port P6 input setup time 


200 






ns 


th(<*— POD) 


Port PO input hold time 


40 






ns 


the**— pid) 


Port P1 input hold time 


40 






ns 


*h(0— P2D) 


Port P2 input hold time 


40 






.ns 


th(<4— P3D) 


Port P3 input hold time 


40 






ns 


*h(0— P4D) 


Port P4 input hold time 


40 






ns 


*h<<*— P5D) 


Port P5 input hold time 


40 






ns 


t|l(<A— P6D) 


Port P6 input hold time 


40 






ns 


tc(X, N ) 


External clock input cycle time 


100 




1000 


ns 


^wCXinL) 


External clock input "L" pulse width 


30 






ns 


tw(X|Nf~U 


External clock input "H" pulse width 


30 






ns 


t r (x, N ) 


External clock rising edge time 






20 


ns 


tf(X IN ) 


External clock falling edge time 






20 


ns 



Master CPU bus interface timing (R and W separation type mode) 







(V CC =5V±10%, V ss =0V,T 


a =-10~ 


70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(cs— R) 


CS setup time 


Fig. 3 









ns 


tsuCcs— w) 


CS setup time 









ns 


th(R— cs) 


CS hold time 









ns 


th(w— cs) 


CS hold time 









ns 


tsU(A— R) 


A setup time r 


40 






ns 


tsil(A— W) 


A setup time 


40 






ns 


th(R-A) 


A hold time 


10 






ns 


th(w— A) 


A hold time 


10 






ns 


tw(R) 


Read pulse width 


160 






ns 


tw(w) 


Write pulse width 


160 




> 


ns 


*SU(D— W) 


Date input setup time before write 


100 






ns 


th(w— D) 


Date input hold time after write 


10 






ns 



Master CPU bus interface timing (R/W type mode) 







(V CC =5V±10%, V ss =0V, T 


a=-10~ 


70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(cs— E) 


CS setup time 


Fig. 4 









ns 


th(E-CS) 


CS hold time 









ns 


tsU(A— E) 


Ao setup time 


40 






ns 


th(E-A) 


A hold time 


10 






ns 


tsU(RW— E) 


R/W setup time 


40 






ns 


t|l(E— RW) 


R/W hold time 


10 






ns 


t W (EL) 


Enable clock "L" pulse width 


160 






ns 


tw(EH) 


Enable clock "H" pulse width 


160 






ns 


tr(E) 


Enable clock rising edge time 






25 


ns 


tf(E) 


Enable clock falling edge time 






25 


ns 


*SU(D— E) 


Data input setup time before write 


100 






ns 


th(E-D) 


Data input hold time after write 


10 






ns 
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Local bus/Memory expansion mode, Microprocessor mode 

(V CC =5V±10%, V ss =0V, T a =-10~70 o C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(D-d>) 


Data input setup time 


Fig. 5 


100 






ns 


th(«4-D) 


Data input hold time 









ns 


*SU(D — RD) 


Data input setup time 


100 






ns 


th(RD— D) 


Data input hold time 









ns 
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SWITCHING CHARACTERISTICS 

Port/Single-Chip mode (V CO =5V±10%, V ss =0V, T a =-10~7CTC, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(0— poq) 


Port PO data output delay time 


Fig. 3 






200 


ns 


*d(<*— piq) 


Port P1 data output delay time 






200 


ns 


td(0— P2Q) 


Port P2 data output delay time 






200 


ns 


*d<0— P3Q) 


Port P3 data output delay time 






200 


ns 


*d(l*— P5Q) 


Port P5 data output delay time 






200 


ns 


*d(0— P6Q) 


Port P6 data output delay time 






200 


ns 


tcU) 


Cycle time 


400 




4000 


ns 


twC^H) 


<f> clock pulse width ("H" level) 


190 






ns 


tw(<6L) 


<f> clock pulse width ("L" level) 


170 






ns 


W) 


'<f> clock rising edge time 






20 


ns 


tf(*) 


<t> clock falling edge time 






20 


ns 



Master CPU bus interface (R and W separation type mode) 



(V C c=5V±10%, V ss =0V, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. . 


Max. 


ta(R— d) 


Data output enable time after read 


Fig. 4 






120 


ns 


tv(R— D) 


Data output disable time after read 


10 




85 


ns 


tpLH(R — PR) 


Pr DY output transmission time after read 






150 


ns 


tpi_H(W— PR) 


Prdy output transmission time after write 






150 


ns 



Master CPU bus interface (R/W type mode) (v cc =5v±io%,v ss =ov.T a =-io~7o o c, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


ta(E-D) 


Data output enable time after read 


Fig. 4 






120 


ns 


tv(E-D) 


- Data output disable time after read 


10 




85 


ns 


tpLH(E— PR) 


Prdy output transmission time after E clock 






150 


ns 



Local bus/Memory expansion mode, microprocessor mode 







(V CC =5V±10%, V ss =0V, T 


a =-10~ 


70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tdU-A) 


address delay time after 


Fig. 5 






120 


ns 


Wu— A) 


address effective time after <t> 


10 






ns 


tv(RD — A) 


address effective time after RD 


10 






ns 


W(WR — A) 


address effective time after WR 


10 






ns 


td(tf-D) 


data output delay time after <j> 






140 


ns 


td(WR— D) 


data output delay time after WR 






140 


ns 


W(0— D) 


data output effective time after <t> 


20 






ns 


tv(WR — D) 


data output effective time after WR 


20 






ns 


idu— RW) 


R/W delay time after 4> 






120 


ns 


*d(<*— SYNC) 


SYNC delay time after 4> 






120 


ns 


tw(RD) 


RD pulse width 


170 






ns 


tw(WR) 


WR pulse width 


170 






ns 
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TEST CONDITION 

Input voltage level : V| H 2.4V 
V, L 0.45V 
Output test level : V OH 2. 0V 
Vol 0.8V 




Test circuit in 
single-chip mode 



-e- 



RESET 



PO 

P1 

P2 

P3 

P4 

P5 

P6 

CNV S! 

AV SS 

V ss 





Master CPU bus interface 
test circuit 



Fig. 5 Local bus test circuit 



^ 



Vc« 
AV C , 



ADV REF 
DAV REF 

D-A1 
D-A2 
RD 
WR 
R/W 
SYNC 
RESETqut 



X|n X, 



•IN AquT 



I 



'cc 
1 (test point) 

other power 
supply 



open 



Fig. 6 Ice (at stop mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 



-tc(X IN )- 



-izo 



Port Pi input 



Port Pi output 



-tw(0H)~ 



-td(0-PiD)- 



tw(X, N H) tw(X IN L) 



T^J\ 



DKj 



I ti(x, N )- 



-tr(X 1N ) 



-tc(0)- 



~o\h — 

\o.8 



-tw(0D- 



0.8j- 



-tf(0) 



tsu(PiD-0) 



€ 



-trU) 



X 



th(0-PiD) 



2.0 
0.8 



Note : ViH=0.8V cc . V, L =0. 16V cc of X| N 

Master CPU bus interface/ R and W separation type timing diagram 
Read 



A 



CS 



DB ~DB 7 



X 



tsu( A — r) 



2.4 
0.45 



0.45 



* 



tSu(cs-R) ' th( R - CS ) 



th( R - A ) 



2.4 
0.45 



!K 



"7\ 7^277 

\0.45 0.45/ 



ta( R - D ) 



-tw( R )- 



<2.0 
0.8 



/0.45 



> 2.0 
0.8 



0.8 
tv( R - D ) 



J 



2.0 

tpLmR - PR/ 
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A 



DB0-DB7 



>2 



tsu( A -w) 



'.4 
i.45 



.45\ 



th( w - A ) 



tsu(cs~w) th( w — cs) 



-tw( w )~ 



2.A\ /2.4 

\ 0.45 0.45/ 



^ 



2.4 
0.45 



tsu( D — w ) 



2.4 
0.45 



A 



—J th(w- D ) 
2.4 



> 



0.45 



i e 2.0 



Iplh(w PR/ 



Master CPU interface/ R/W type timing diagram 



A 
R/W 

CS 



DB DB ; 

write 
DB DB 7 



\ 



tw( EL ) 



0.45 



-I**/' 



tsu( A - E ) 






> 



0.45 



\ 



tsu( cs — F ) 



ta( E -o) 



tw( EH ) 



2.4 



\ 



tr( E ) 



th( E - cs )- 



2.0/ 

o"8\ 



tsu( D - E ) 



\0.45 



■tf( E ) 



th( E - A ) 



XZ 



/0.45 



> 



M E - D ) 

-A th( E - D ) 



> 



/ 



«— B. 



2.0 

tpLH(E~PR) 
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Local bus timing diagram 



R/W 
SYNC 



A ~A 15 



D ~D 7 
CPU read 



D ~D 7 
CPU write 



tc(tf) 



tw(0H) 



X 



td(0 — RW ) 



x 



td(0- A ) 



\ 



tw(0L) 



tf(tf) 



/ 



tsu( D — 0) 



< 



td(*- D ) 



< 



• tr(0) 



>^ 



tv(0- A ) 



:*c 



th(0- D ) 



> 



> 



tv(0- D ) 



A ~D 1£ 



RD 



D ~D 7 
CPU read 



D ~D 7 
CPU write 



X 



\ 



tw( RD ) 



X 



< 



-tsu( D — RD )- 



/ 



tv( RD — a) 



\ 



-tw( WR )- 



td( W R — d) 



— I th( RD — D ) 

>— 



)f\ 



Mwr-a) 



< > 



tv( W R — d) 
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DESCRIPTION 

The M50734SP is a microcomputer designed with CMOS 

sillicon gate technology. It is housed in a 64-pin shrink 

plastic molded DIP (flat package type also available). This 

microcomputer is useful for business equipment and other 

consumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 

and I/O addresses are placed on the same memory map to 

enable easy programming. 

The differences between the M50734SP and the M50734FP 

are the package outline, the voltage input pins for A-D, and 

power dissipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size (internal memories are not provided) 

Memory area programmable memory 64K bytes 

data memory • 64K bytes 

• Instruction execution time 

"\/us (minimum instructions, at 8MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation 

normal operation mode (at 8MHz frequency) ••••30mW 

• Subroutine nesting 128 levels (Max.) 

• Interrupt 11 types, 5vectors 

• Timers 

16-bit timer/event counter (general purpose) 1 

8-bit timer (general purpose) ••••3 

8-bit timer (watchdog timer) 1 

8-bit timer (strobe timer) 1 

8-bit timer (baud rate timer) • 1 

8-bit counter (control for stepper motor) 2 

• Stepper motor control circuit 

Ichannel for the X or Y direction 

• Programmable I/O ports (Ports PO, P1.P2.P3) 32 

• Input ports (Port P4) 4 

• Serial I/O 

8-bit clock synchronous ••• 1 

8-bit UART • 1 

Baud rate (at 7.37MHz frequency) •••75bps~57600bps 

• A-D converter • • • 8-bit successive approximation 

• PWM function 1 

• Multiplex-type bus 

Address bus 16 

Data bus (multiplexed with lower address bus) 8 

APPLICATION 

Printer/plotter, Electronic typewriter, PPC, FAX, Portable 
word processor, Robotics 



PIN 


CONFIGURATION (TOP VIEW) 










P0 4 /STBout**E 


W 


E^Vcc 


I/O Port 


P0 5 /DME**GE 




m ++ po3/busyout 




PO 


P0 6 /TxD**|T 
P0 7 /RxD**[7 




I) «-* P0 2 /CNTR 

U-w-po^Tnt^ 


I/O Port PO 




Plo-H 




6^-h-POo/INTt 






p^^H 




59] ++ WDout WatchcJ og timer 




P12—E 




58] *+ A /D 


overflow output 


I/O Port P1 


pi 3 **E 
P14—E 
pi 5 — Qo 




m ♦+ a 2 /d 2 

H +- A 3 /D 3 






P1 6 — EE 




54] *> A4/D4 


Address /data bus 




pi 7 **[h 




53] ** A5/D5 






P2o/H a ^Dl 




H ** A 6 /D 6 






P2 1 /H b **[H 




5?] ** A 7 /D 7 






P2 2 /H C ^[T5 


2 

Ol 


50l -*• ALE Address ,atch 

^ MLC enable signal output 


I/O Port P2 


P2 3 /H d ^.|l6 


o 

^4 


1 — Aa 






P2 4 /V a ""*nZ 


CO 


U-A 9 






P2 5 /V b **[H 


CO 


H— A 10 






P2 6 /V c ^[ll 




"M-+*w 






P2 7 /V d +*[I 




1->A 12 


Address bus 




P3 /PWMout^II1 




13— A13 






P3l/S C LK~1 




H— A14 






P3 2 /S, ** H 




l-A^ 




I/O Port 


■P3 3 ~!24 




— 1 syncnronous 
4U-+SYNC. signal output 


P3 


P3 4 **H 




40] — *■ Timing output 




P3 5 **|6 




39J — ► WR Write signal output 




P3 6 ~[27 




38] — ► RD Read signal output 




P3 7 **jl8 




m^-v REF 


Reset input resET->[29 




1] «- P4 3 /AN 3 




Clock input X| N -^l30 




35] *- P4 2 /AN 2 




Clock output Xout *— HI 




34J—PVAN, 


Input port P4 


v ss H 




H«-P4o/AN 







jtline 64P 


4B 




GODDO QQQmj z ■.«. 


z <<<<<<<<<<<<<<<<< w©3 




h n n n 1 1 1 1 1 1 1 1 1 1 1 1 






[57l[56p5l[i^[53|[52|[5ll^ 




WD ut*-H 




ID—RD 


POo/INT^GI 


O 


1]^V REF 


prviNT2«-[6o 


34] <t -P4 3 /AN 3 


P0 2 /CNTR«-[H 


U<-P4 2 /AN 2 


P0 3 /BUSY OU t-~H 




I]«-P4 1 /AN 1 


AVcc H 




E «- P4 /AN 


Vcc (H 




U AV SS 


V ss 1 


M50734FP 


U V ss 


V ss 1 




1 V ss 


PO4/STB0UT — Hi 




D— Xqut 


P0 5 /DME«-[! 




U«-x IN 


P0 6 /T x D^g 


O O 


U— RESET 


P0 7 /R x D*+[z° 


13** P3 7 


P1o~[ZL 




U**P3 6 


PI,**!! 




m**P3 5 




1 1 || 2 || 3 || 4 || 5 1| 6 1| 7 1| 8 1| 9 J||0)|l l||l2||l3|[l4||l5||l6||V7||l8||l9j|20||21 






iiiiiiittntiimii' 




q NOtinoNB^o-OfflUO'a t *, O « ,£ Q 


Z0.1D.lQ.Q.^ I ^' L (rsfOOH)Q.Q.Z 
Q. Q. Q. Ol Q- Q. Q- Q-^c^cl 

a. a. 


CO 
Q. 

Outline 72P6 NC : No connection 
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WR RD SYNC ALE RESET Vcc (5V) V ss (OV) WD OU t 



— @H|MpH|H§) — @— 



■f-- 



'1 




Address bus 



Address/data bus 



I/O port P3 



I/O port P2 



I/O port.P1 



I/O port PO 



00 

I 

E 

H 
O 

3 
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o 
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3 

"0 

c 

H 
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MITSUBISHI MICROCOMPUTERS 

M50734SP/FP 

8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF 


M50734SP 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1/iS (minimum instructions, at 8MHz frequency) 


Clock frequency 


8MHz 


Memory size 


64K bytes (up to 128k bytes with DME signal) 


Input/output port 


PO, P1, P2, P3 


I/O 


8-bitX4 (all pins of PO, P2, and part of P3 have double functions) 


P4 


input 


4-bitXl (P4 is in common with analog input) 


UART 


1 (built-in baud rate generator, 75~57600bps) 


Clock synchronized serial I/O 


8-bitX1 


Timer 


Timer X 


16-bitX1 


Timer 1 


8-bitX1 (with 8-bit prescaler) 


Timer 2 


8-bitX1 (with 8-bit prescaler) 


Timer 3 


8-bitX1 (with 8-bit prescaler) 


Timer S 


8-bitX 1 (with 1/4 frequency divider) 


Timer W 


8-bitX1 (with 1/1024 frequency divider) 


A-D converter 


Four analog inputs, 8-bit successive approximation 


Subroutine nesting 


128 levels (max.) 


Interrupts 


Three external interrupts, four timer interrupts 
Two counter interrupts, one UART interrupt 


Clock generating circuit 


Built-in 

(externally connected to a ceramic resonater or a quartz crystal resonator) 


Supply voltage 


5V±10% 


Power dissipation 


at normal operation (at8MHz frequency) 


30mW 


at wait mode 


5mW 


at stop mode 


5mW 


Operating temperature range 


-10~70°C 


Device structure 


CMOS sillicon gate process 


Package 


M50734SP 


64-pin shrink plastic molded DIP 


M50734FP 


72-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, V ss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and V S s 


AVcc 
AV SS 


Voltage input for A-D 




This is the power supply input pin for the A-D converter. For M50734SP, this is not provided. 


Vref 


Reference voltage input 


Input 


This is the reference voltage input pin for the A-D converter. 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2//s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and X ut pins. If an external 
clock is used, the clock source should be connected the X| N pin the X ut pin should be left open. 


XoUT 


Clock output 


Output 





Timing output 


Output 


This is the timing output pin. Clock oscillating frequency f(X| N ) divided by 4 signal is outputed. 


SYNC 


Synchronous signal 
output 


Output 


Synchronous signal is outputed when the op code is fetched, and is used to control the program's single- 
step operation. 


RD 


Read signal output 


Output 


Control signal for read access to ROM, RAM and peripherals. 


WR 


Write signal output 


Output 


Control signal for write access to RAM and peripherals. 


ALE 


Address latch 
enable signal output 


Output 


Address latch signal for address A ~A 7 . 


Ai5~A 8 


Address bus 


Output 


The contents of the high-order 8 bits of the address bus are output (CMOS output). 


A 7 /D 7 ~ 
A /A 


Address/Data bus 


I/O 


The contents of the lower-order 8 bits of the address bus and 8 bits of the address bus are output (CMOS 
output). 


WDoux 


Watchdog timer 
overflow output 


Output 


When the watchdog timer overflows, this pin is set to "H". Cleared only at reset. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with CMOS tri-state output. Each port has double function, and can switch by 
software. 


iNfi(POo) 

INTatPd). 

CNTR(P0 2 ) 

BUSY OU t(P0 3 ) 

STB O ut(P0 4 ) 

DME(P0 5 ) 

TxD(P0 6 ) 

RxD(P0 7 ) 


Interrupt input 
Interrupt input 
Timer I/O 
Busy signal output 
Strove pulse output 
Data memory enable output 
Transmission output 
Receive input 


Input 
Input 
I/O 
Output 
Output 
Output 
Output 
Input 


This is an interrupt input pin. 

This is an interrupt input pin. 

This is an output pin for the timer X. 

When the falling edge is inputed to INT-i pin, this port is set by hardware. 

This pin is used for the strobe input to the external driver IC. 

This pin is used for external memory expansion. 

This is an output pin for UART. , 

This is an input pin for UART. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port with CMOS tri-state output. It is also used as "latch input" to read data when a 
low level signal is inputed to IN^ pin. 


P2 ~ P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with CMOS tri-state output. By software selection, it can also be used as an out- 
put port for the decoder logic of a stepper motor control circuit. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port with CMOS tri-state output. The function of the P3 ~P3 2 can be selected by 
software. 


S 10 (P3 2 ) 


Serial I/O 


I/O 


This pin is used as an I/O pin for serial I/O. 


, P4 /AN ~ 
P4 3 /AN 3 


Input port P4/ 
Analog input 
port AN 


Input 


Port P4 is a 4-bit input port, and is used as a 4-bit analog input port for A J D converter. 
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BASIC FUNCTION BLOCKS 
MEMORY 

A memory map of the M50734SP is shown in Figure 1. 
Since the M50734SP contains no internal memory, the ROM 
and RAM must be connected externally. The addressable 
memory space is 64K bytes however, by using the DME 
signal, up to 128K bytes can be accessed. 
The special address area is contained between addresses 
FF00 16 to FFFF 16 . By using this special page addressing 
mode, subroutines located in this area can be called with 
only 2 bytes. The reset and interrupt vector addresses are 
contained within addresses FFF4 16 to FFFF 16 . 



The zero page address area is contained between 0000 16 
and 00FF 16 . Addresses within this area can be accessed 
with 1 byte. Frequently accessed addresses, such as in 
RAM, input/output ports and timers, are allocated to the 
zero page area. 

Addresses 0100 16 to 01FF 16 are used mainly as the stack, 
and addresses 0200 16 to FEFF 16 are used memories for the 
program and data. 



r 

j l DME= 



" "] Decimal 



oooo 16 r- H ■=! 



Zero 
page 



1 



00D0„ 
00DA 1f 



Reserved area (Note 2) 



^-P~ 



Special function register 



Stack area 



- ■ _j 



Special 
page 
for 
subroutine 
call 



FF00, 6 I 



T 



Interrupt 

vector < 

area 



rFFF4, 6 f— 

h 

h 

L 

I- 

r- 







Address L 










Address H 










Address L 
Address K 










Address L 
Address H 










Address L 










Address L 
Address H 










Address L 
Address H 







iTX.CNTR.orBRK \ 
jHEorVE ^ 

I Timer 1, Timer 2, or Timer 3 » 



I | Rl or INT, 



tJ 



INT 2 



RESET 



- ~"00DA l6 


Timer X (lower byte) 


00DB 16 


Timer X (higher byte) 


00DC 16 


Prescaler 1 


00DD, 6 


Timer 1 


00DE 16 


Prescaler 2 


00DF 16 


Timer 2 


00E0 16 


Prescaler 3 


00E1 16 


Timer 3 


00E2 16 


Horizontal counter 


00E3, 6 


Vertical counter 


00E4 16 


Transmit shift register 


00E5 16 


Receive buffer register 


00E6, 6 


UART control register 


00E7, 6 


UART status register 


0OE8 16 


Serial I/O register 


00E9 16 


A-D control register 


00EA 16 


A>-D register 


00EB 16 





Port P4 input 


00EC 16 


Vertical phase 
counter 


Horizontal phase 


00ED 16 


Port P2 port P3 function register 


00EE, 6 


Port P3 


00EF 16 


Port P3 directional register 


00F0 )6 


PortP2 


00F1 16 


Port P2 directional register 


00F2 16 


Port P1 latch input 


00F3 16 


Port P1 


00F4, 6 


Port P1 directional register 


00F5 16 


Port PO function register 


00F6 16 


PortPO 


00F7 16 


Port PO directional register 


00F8 16 


Stepper motor control register H 


00F9 16 


Stepper motor control register V 


00FA 18 


Strobe timer (Timer S) 


00FB 16 


Baud rate generator (Timer B) 


\ 00FC 16 


Watchdog timer (Timer W) 


\ 00FD, 6 


Interrupt control register 3 


\ 00FE t6 


Interrupt control register 2 


\00FF 16 


Interrupt control register 1 



I 



Include this area 



Area not included 



Note 



1 : When the DME signal is "L", an additional memory space of 64K bytes can be obtained. However the space can be used only for data 

memory such as ROM, RAM or peripherals. 

2 : This area is reserved for system expansion. 



Fig.1 Memory map 
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CENTRAL PROCESSING UNIT (CPU) 

The CPU consists of 6 registers and is shown in Figure 2. 

ACCUMULATOR (A) 

The 8-bit accumulator (A) is the main register of the micro- 
computer. Data operations such as data transfer, Input/Out- 
put, etc., are executed mainly through accumulator. 



INDEX REGISTER X (X) 

The index register X is an 8-bit register. 
In the index addressing mode, the value of the OPERAND 
added to the contents of the register X, specifies the real 
address. When the T flag in the processor status register is 
set to "1", the index register X itself becomes the address 
for the second OPERAND. 

INDEX REGISTER Y (Y) 

The index register Y is an 8-bit register. 

In the index addressing mode, the value of the OPERAND 

added to the contents of the register Y specifies the real 

address. 



15 



7 o 

A 
7 

x 

7 

Y 

7 

S 



PC H 


pc l 



Accumulator 



Index register X 



Index register Y 



Stack pointer 



Program counter 



Processor status register 

Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Break flag 

Index X mode flag 

Overflow flag 

Negative flag 



Fig. 2 Register structure 
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STACK POINTER (S) 

The stack pointer is an 8-bit register that contains the 
address of the next location in the stack. It is mainly used 
during interrupts and subroutine calls. The stack pointer is 
not automatically initialized after reset and should be initial- 
ized by the program using the TXS instruction., 
When an interrupt occurs, the higher 8 bits of the program 
counter is pushed onto the stack first, the stack pointer is 
decremented by one, and then the lower 8 bits of the prog- 
ram counter is pushed onto the stack. Next the contents of 
the processor status register is pushed onto the stack. As 
each byte is pushed onto the stack. When the return from 
interrupt instruction (RTI) is executed, the program counter 
and processor status register data is pulled off the stack in 
reverse order from above. 

The Accumulator is never pushed onto the stack automati- 
cally, so a Push Accumulator instruction (PHA) is provided 
to execute this function. Restoring the Accumulator to its 
previous value is accomplished by the Pull Accumulator in- 
struction (PLA). It is executed in the reverse order of the 
PHA instruction. 

The contents of the Processor Status Register (PS) are. 
pushed and pulled to and from the stack with the PHP and 
PLP instructions, respectively. 

During a subroutine call, only the program counter is 
pushed onto the stack. Therefore, any registers that should 
not be destroyed should be pushed onto the stack manual- 
ly. To return from a subroutine call, the RTS instruction is 
used. 

PROGRAM COUNTER (PC) 

The 16-tjit program counter consists of two 8-bit registers 
PC H and PC L . The program counter is used to indicate the 
address of the next instruction to be executed. 

PROCESSOR STATUS REGISTER (PS) 

The processor status register is composed entirely of flags 
used to indicate the condition of the processor immediately 
after an operation. Branch operations can be performed by 
testing the Carry flag (C), Zero flag (Z), Overflow flag (V) 
or the Negative flag (N). Each bit of the register is ex- 
plained below. 

1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the Arithmetic and Logical operation Unit (ALU) im- 
mediately after an operation. It also changed by the shift 
and rotate instructions. The set carry (SEC) and clear carry 
(CLC) instructions allow direct access for setting and 
clearing this flag. 

2. Zero flag (Z) 

This flag is used to indicate if the immediate operation 
generated a zero result or not. If the result is zero, the zero 



flag will be set to "1". If the result is not zero, the zero flag 
will be set to "0". 

3. Interrupt disable flag (I) 

This flag is used to disable all interrupts. This is accom- 
plished by setting the flag to "1". When an interrupt, this 
flag is automatically set to "1" to prevent other interrupts 
from interfering until the current interrupt is completed. The 
SEI and CLI instructions are used to set and clear this flag, 
respectively. 

4. Decimal mode flag (D) 

The decimal mode flag is used to define whether addition 
and subtraction are executed in binary or decimal. If the 
decimal mode flag is set to "1", the operations are ex- 
ecuted in decimal, if the flag is set to "0", the operations 
are executed in binary. Decimal correction is automatically 
executed. The SED and CLD instructions are used to set 
and clear this flag, respectively. 

5. Break flag (B) 

When the BRK instruction is executed, the same operations 
are performed as in an interrupt. The address of the inter- 
rupt vector of the BRK instruction is the same as that of the 
lowest priority interrupt. The contents of the B flag can be 
checked to determine which condition caused the interrupt. 
If the BRK instruction caused the interrupt, the break flag 
will be "1", otherwise it will be "0". 

6. Index X mode flag (T) 

When the T flag is "1", operations between memories are 
executed directly without passing through the accumulator. 
Operations between memories involving the accumulator 
are executed when the T flag is "0" (ie., operation results 
between memories 1 and 2 are stored in the accumulator). 
The address of memory 1 is specified by the contents of 
the index register X, and that of memory 2 is specified by 
the normal addressing mode. The SET and CLT instructions 
are used to set and clear the index X mode flag, respec- 
tively. 

7. Overflow flag (V) 

The overflow flag functions when one byte is added or sub- 
tracted as a signed binary number. When the result ex- 
ceeds + 127 or —128, the overflow flag is set to "1". When 
the BIT instruction is executed, bit 6 of the memory location 
is input to the overflow flag. The overflow flag is reset by 
the CLV instruction and there is no set instruction. 

8. Negative flag (N) 

The negative flag is set whenever the result of a data trans- 
fer or operation is negative (bit 7 is set to "1"). Whenever 
the BIT instruction is executed, bit 7 of the memory location 
is input to the negative flag. There are no instructions for 
directly setting or resetting the negative flag. 
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INTERRUPTS 

The M50734SP can be interrupted from 11 sources. The in- 
terrupts are vector interrupts, and their priorities and vector 
table is shown in Table 1. When the interrupt enable bit is 
set to "1", the interrupt request bit is set to "1" and the in- 
terrupt disable flag to "0" , all interrupts except the reset 
and BRK instructions are acknowleded. The reset is treated 
as a nonmaskable interrupt of the highest priority. 
This is shown in Figure 3. 



Table 1. Interrupt vector address and priority 



Interrupt source 


Priority 


Vector address 


RESET 


1 


FFFF 16 , FFFE 16 


INTt 


2 


FFFD 16) FFFC 16 


R1 orlNlh 


3 


FFFB 16 , FFFA 16 


Timer 1, timer 2 or timer 3 


4 


FFF9 16 , FFF8 16 


HE or VE 


5 


FFF7 16> FFF6 16 


Timer X.CNTR or BRK 


6 


FFF5 16l FFF4 16 




Interrupt control register 1 (address 00FF 16 ) 
Bit 7 '. Vertical counter empty request bit 
Bit 6 : Vertical counter empty enable bit 
Bit 5 '. Horizontal counter empty request bit 
Bit 4 : Horizontal counter empty enable bit 
Bit 3 '. INT 2 pin interrupt request bit 
Bit 2 .' INT 2 pin interrupt enable bit 
Bit 1 : INT! pin interrupt request bit 
BitO : INTt pin interrupt enable bit 

Interrupt control register 2 (address 00FE 16 ) 

Bit 5 .' Timer 3 interrupt request bit 

Bit 4 : Timer 3 interrupt enable bit 

Bit 3 '. Timer 2 interrupt request bit 

Bit 2 : Timer 2 interrupt enable bit 

Bit 1 : Timer 1 interrupt request bit 

BitO .' Timer interrupt enable bit 

Interrupt control register 3 (address 00FD 16 ) 
Bit 7 : Counter pin interrupt request bit 
Bit 6 : Counter pin interrupt enable bit 
Bit 5 .' Timer X interrupt request bit 
Bit 4 : Timer X interrupt enable bit 
Bit 3 I Counter pin interrupt polarity flag 
Bit 2 '. Timer X count stop bit 
Bit 1 : 
Bit o : 
UART control register (address 00E6 16 ) 

Bit 4 '. UART receiver full interrupt enable bit 


UART status register (address 00E7 16 ) 

BitO : UART receiver full interrupt request bit 



Timor X mode bits 



Fig.3 Interrupt control 
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TIMER (VCU) 

The M50734SP provides a versatile control unit consisting 
of the timers and counters shown in Figure 4. 
Each of the timers is described blow. 

1. ■ Timer X 

The 16-bit timer X consists of timers X H , X L and their reload 
latches. This timer has four modes which are selected by 
bit and bit 1 (timer X operation mode bits) of the interrupt 



control register 3 (address 00FD 16 ) . Figure 5 shows the 

structure of timer X and Figure 6 shows the structure of the 

interrupt control register 3. 

Timer X can select the count source, either the oscillation 

frequency divided by 16 or the event clock which is input 

from the CNTR pin. 

The timers are of the countdown type and the frequency 

ratio is 1/(n+1)(n:0~65535, decimal). 



0fo( = 














8 












1/4 




Timer S 






•il 








? 














16 








Timer X 












i 


3 




8 




PrescaleM 




Timer 1 














{ 


3 




8 






Prescaler 2 




Timer 2 


















PWM 

generating 
circuit 


— =»► PWM output 




I 


3 




8 




Prescaler 3 




Timer 3 




































I 








3 i 




L 










Horizontal counter 




Horizontal 
phase counter 


Phase decoder 


Stepper moter 
control output 

=> 


i 


3 










Vertical counter 






Vertical 
phase counter 




i 







































Fig.4 Structure of versatile control unit 



CNTR pin 




CNTR H/L Q 



— 1 0f o (=f(X, N )/16) 



CNTR R 



-s* CNTR interrupt request 



Internal data bus 



■&s^> 



<3= 



Reset 



WTX H 



8 <' 



WTX L 



RTXh 



RTX l m 



-crTb s*J Timer Xh(8) I Timer X L (8) \-** 



02 1£ 



/Connect by "()'* 
I Disable by "1" 

Reset 
STP instruction 

Frequency division ratio=1/(n+1 ) (n=0~65535) 



=E> 



00k 



c 



TXR 

SQ 
R 



Timer X 
interrupt request 



TXR Clear 
Reset 



XMO 



T 
DQ 



-^CNTR 



Fig. 5 Block diagram of timer X (0200 16 is written to timer X automatically, after reset to stop instruction.) 



2-632 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50734SP/FP 

8-BIT CMOS MICROCOMPUTER 



Interrupt control register 3 (address 00FD 16 ) 



- Timer X mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 .* Event count mode 

11 : Pulse width measurement mode 



" Timer X count stop bit 

'. Count start 

1 ". Count stop 

- Count pin interrupt polarity flag 

.* Count pin falling edge interrupt selection 

1 '. Count pin rising edge interrupt selection 

- Timer X interrupt enable bit 

: Timer interrupt disable 

1 '. Timer interrupt enable 

- Timer X interrupt request bit 

•' No timer X interrupt request 

1 '. Timer X interrupt request 

- Count pin interrupt enable bit 

: Count pin interrupt disable 

1 : Count pin interrupt enable 

■ Count pin interrupt request bit 

'. No count pin interrupt request 

1 : Count pin interrupt request 



Fig.6 Structure of interrupt control register 3 



The four modes of timer X are described below. 

(1) Timer mode [00] 

In this mode the oscillation frequency, divided by 16, is 
counted. When the contents of the timer reaches "0", 



the interrupt request bit is set to "1". At the next cycle, 
the contents of the timer latch are reloaded and the 
count continues. After resetting, this mode is set auto- 
matically. 



MITSUBISHI 
.ELECTRIC 



2-633 



MITSUBISHI MICROCOMPUTERS 

M50734SP/FP 



8-BIT CMOS MICROCOMPUTER 



(2) Pulse output mode [01] 

Every time the contents of the timer reach "0", the out- 
put signal from the P0 2 /CNTR pin changes polarity. 
If this mode is used, bit 2 of port P0 function register 
and bit 2 of the port P0 directional register must be set 
to"1". 

(3)- Event counter mode [10] 

The operation is the same as in the timer mode except 
that the input signal from pin P0 2 /CNTR is counted. 
However, if this mode is used, bit 2 of port P0 direction- 
al register must be set to "0". The counter pin interrupt 
request bit is set by the event input signal. Therefore 
the counter pin interrupt enable bit must be set to "0" 
to prevent an interrupt. 

(4) Pulse width measurement mode [11] 

The oscillation frequency, divided by 16, is counted 
while the level of pin P0 2 /CNTR is either low or high. 
The level of pin P0 2 /CNTR is selected by interrupt 
control register 3, bit 3. 



When the contents of the timer X reach "0", the inter- 
rupt request bit is set to "1". At the next cycle, the 
latches contents are reloaded and counting continues. 
If this mode is used, the counter pin interrupt must be 
enabled and the timer X interrupt prohibited. 

2. Timer 1, Timer 2, Timer 3 

Timer 1 , timer 2 and timer 3 each consist of an 8-bit prescal- 
er, an 8-bit timer, a prescaler reload latch and a timer re- 
load latch. The structure of timer 1, timer 2 and timer 3 is 
shown in Figure 7. 

The count source for timer 1, timer 2 and timer 3 is the 
oscillation frequency divided by 16. These timers are of the 
countdown type and the frequency, ratio of the prescaler 
and timer is 1/(n+l)(n:0~255, decimal). 
Timer 1 and timer 3 are also used to determine the step 
rate by connecting with the stepping motor control circuit 
and as timers for the PWM pulse output signal. 



Internal data bus 



,' WPRE1 



I Reload prescaler latch (8) 



RPRE 1 

*-| Prescaler 1 (8) 



>' WT1 



Reload timer latch (8) 



RT1 



Timer 1(8) 



*' WPRE2 



I Reload prescaler latch (8) L 



Prescaler 2 (8) 



-' WT2 
JL 



Reload timer latch (8) 



h 



Timer 2(8) 



,' WPRE3 



I Reload prescaler latch (8)L 



RPRE 3 



Prescaler 3(8) 



WT3 



Reload timer latch (8) 



Timer 3(8) 



0fo(=f(X, N )/16) 



T1 R 

-FqL 



s>—i_ T 1 R clear 
vJP Reset 

— *- V counter 
VPH counter 



T2R 



S Q 
R 



-=*■ Timer 2 interrupt request 



<J= 



T2R clear 
Reset 



T3R 



S Q ^* Timer 3 interrupt request 



^— y T 3 R clear 
~ C L Reset 
— >- H counter 
HPH counter 



Fig. 7 Block diagram of timer 1 , timer 2 and timer 3 
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3. Timer S 

The structure of timer S is shown in Figure 8. Timer S has 
no reload latch. Whether or not a 1/4 frequency divider 
should be put before the timer, is determined by bit 2 of the 
port P2 and port P3 function register (P2P3FR). 
If the 1/4 frequency divider is bypassed, the clock pro- 



duced by dividing the oscillation frequency by 16 becomes 
the count source for timers S. If it is built in, the oscillation 
frequency, divided by 16, (then divided by 4 once more), 
becomes the clock. This timer is of the countdown type and 
the frequency ratio is 1/(s+1)(s:0~255, decimal). 



Internal data bus 



0fo(=f(X, N )/16) f 



-O "0" 



(Bit 2 of address 0OED 16 ) 




Timer S(8) (Address 00FA 16 ) 



STB OU t/P0 4 Pin 

— O 



Fig. 8 Structure of timer S 



WATCHDOG TIMER 

As shown in Figure 9, the watchdog timer is composed of a 
10-bit prescaler and 8-bit timer counter. Timer W can be 
read from or written to by software. After a reset, this timer 
is set to FF 16 . Every timer the prescaler overflows, timer W 



is decremented. When the contents of timer W (N w ) 
changes "00", the WDqut Pin changes from "L" to "H". 
If the oscillation frequency is 8MHz, the time (T w ) until the 
timer W underflows can be set by the following equation: 
Tw=16/f(X, N )Xl024X(N w ±1/2) (1^N W ^255, decimal) 



Internal data bus 



J 



0fo(=KX, N )/16)- 



1T (Address 00FC 16 ) 
• Timer W (8) "] — Q 



WDqut P'm 



Fig.9 Structure of the watchdog timer 
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STEPPER MOTOR CONTROL CIRCUIT 

Two identical circuits for the control of two stepper motors 
(for a horizontal and vertical direction) are built in to the 
M50734SP and can operate independently. The block dia- 
gram is shown in Figure 10. 

The horizontal and vertical counters are both 8-bit binary 
counters which contain the number of steps. The horizontal 



phase counter (HPHC) and vertical phase counter (VPHC) 
are both 3-bit binary counters and perform phase decoding. 
The two stepping motor control registers are 4-bit registers 
controlling, start/stop, single-step, direction and 2-2 or 2-1 
phase drive. The functions of these registers and the rela- 
tion between the phase counter and the phase output sig- 
nals are shown in Figure 11. 



Internal data bus 




P2 



P2 3 

P2 4 



Fig. 10 Structure of stepper motor control circuit 

(Two identical circuits for horizontal and vertical direction.) 
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Fig. 11 Bit functions of the stepper motor control register and relation between horizontal phase counter and phase 
output signals 
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PWM (Pulse width modulation) 12. 

The M50734SP includes a control circuit which generates W3 is the time interval (time from reload to zero) of timer 3 

pulses of various duty.cycles utilizing timer 2 and 3. and W2 the time interval of timer 2. 
The PWM signal is internally generated as shown in Figure 
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Fig. 12 PWM signal generation 
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UART 

The M50734SP has an 8-bit duplex UART. The block dia- 
gram is shown in Figure 13, and the bit structure of the 
UART control register and UART status register is shown in 
Figure 14. The UART control register can be read from or 
written to by software, but the UART status register can 
only be read. 
Transmit/receive character length and parity addition are 



set by bit 0, 1 and 2 of the UART control register. 

The four possible transmit/receive formats are as follows: 

(1) 7-bit (no parity) 

(2) 7-bit + parity (odd or even selectable) 

(3) 8-bit (no parity). 

(4) 8-bit + parity (odd and even selectable) 

Each bit of the UART control register and UART status reg- 
ister is described in detail below. 
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Fig. 13 UART (timer B frequency ratio : 1/(B+D) 
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TE 



2S 
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CH 
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UART control register (Address 00E6 1£ 

■ Character length selection bit 

: Character length 7 bit 

1 : Character length 8 bit 
• Parity enable bit 

: Parity disable 

1 : Parity enable 

Even or odd parity selection bit 

: Even 

1 : Odd 

■ Multiplexer control bit 

: Timer B f(X, N )/8 selection 

1 : Timer B f(X, N )/32 selection 
Recive interrupt request enable bit 

: Rl request disable 

1 : Rl request enable 
Transmit enable bit 

: Transmit disable 

1 : Transmit enable 
Receive enable bit 

: Receive disable 

1 ! Receive enable 



UART status register (Address 00E7 16 ) 



Receive interrupt request bit 

'. No R1 request 

1 : R1 request 
Transmit empty bit 

'. Now transmitting 

1 ' Transmission completed 
Parity error bit 

'. No parity error 

1 '. Parity error 
Framing error bit 

' No framing error 

1 '. Framing error 
Overrun error bit 

! No overrun error 

1 : Overrun error 



Fig. 14 Bit structure of UART control register and UART status register 
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Character length selection bit (CH7/8) 

If this bit is "0", the 7-bit character mode is selected; 
If it is set to "1", the 8-bit character mode is selected. 
It can be read from and written to by software. 

Parity enable bit (PEN) 

If this bit is "1", parity is added to the characters of the sig- 
nal being transmitted or received. If this bit is to "0", parity 
is not added, and in the receive state a parity error can not 
occur. 
If can be read from or written to by software. 

Even or odd parity select bit (EP/OP) 

If this bit is "0", even parity is selected, if set to "1", odd 
parity is selected. It can be read from or written to by soft- 
ware. 

Multiplexer control bit (MuX 8/32) 

This bit selects the count source of timer B. If it is "0", the 
oscillation frequency, divided by 8, is selected; if it is "1", 
the oscillation frequency divided by 32 is selected. 
It can be read from or written to by software. 

Receive interrupt request enable bit 
(RIE) 

If this bit is "1", the receive interrupt request flag (Rl) can 
be set; if it is cleared to "0", interrupts are inhibited. Even 
if the interrupts are inhibited, the Rl flag remains as is. 
It can be read from or written to by software. 

Transmit enable bit (TE) 

If this bit is "0", the transmit clock goes "H", the transmit 
interrupt bit is cleared "0" and goes to the initial state. 
When set to "1", transmission will start. It can be read from 
or written to by software. 



Transmit empty bit (Tl) 

This bit is cleared to "0" when the transmit enable bit (TE) 
is set to "0" or when data is written to the transmit shift 
register (TR). When the transmission is completed, it is set 
to"1". 

Parity error bit (PE) 

This bit is set to "1" when the parity odd or even selection 
bit is "0" and the number of is in the received data is even, 
or the parity odd or even selection bit is set to "1" and the 
number of "1"'s in the receive data is odd. 
It is cleared to "0" when the receive enable bit (RE) is set 
to "0" or data is written to the receive buffer register. 

Framing error bit (FE) 

This bit is cleared to "0" when the receive. enable bit (RE) 
is set to "0" or data is written to the receive buffer register. 
When a framing error occurs, this bit is set to "1". A fram- 
ing error occurs when transmitting data from the receive 
shift register to the receive buffer register and the stop bit 
of the receive data does not exist. 

Overrun error bit (OE) 

This bit is cleared to "0" when the receive enable bit is set 

to "0" or data is written to the receive buffer register. When 

an overrun error occurs, this bit is set to "1". 

An overrun error occurs when the next data is transmitted 

from the receive shift register to the receive buffer register 

while the receive interrupt request bit (Rl) is "1". 

The receive and transmit operations are shown in Figure 15 

and Figure 16. 



Receive enable bit (RE) 

If this bit is "0", the receive interrupt request bit (Rl) parity 
error bit (PE), framing error bit (FE) and overrun error bit 
(OE) are cleared to the initial state. If -it is "1", it will be in 
the receive enable state, and when the start bit is input into 
the P0 7 /RxD pin, the receive operation will start. 
This bit can be read from or written to by software. 



This bit is set to "1" 






Kit /Dl\ 



when a receive interrupt request 
occurs. It is cleared to "0" when the receive enable bit 
(RE) is set to "0" or when data is written to the receive 
buffer register. 
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r Y I 
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R1- 
Data transmit 
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Fig. 15 Receive operation (8-bit+1 parity mode) 



(Each receive data bit is read by a master slave flip-flop latched. When the start bit "0" (which is latched first) , 
when the R CLK signal is "L". When the R C lk signal goes. overflows from the last bit of the 11 bit shift register, it is 
from "L" to "H", it is transferred to the slave flip-flop and detected as the stop bit and the Rl bit is set.) 



Transmit data 




Fig. 16 Transmit operation (8-bit+1 parity mode) 

(When the T CLK signal goes from "L" to "H", the transmit set to "1". The Tl bit is cleared when TE is set to "0" or 
data is shifted. After the stop bit is transferred, the Tl bit is when data is written to the transmit shift register (TR).) 
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CLOCKED SERIAL I/O 

The M50734SP has one 8-bit clock serial I/O. Its structure 
and transmit/receive operation are shown in Figure 17. 
Data is transferred at a transmit speed of 1/4 the oscillation 
frequency. 

Data is transferred and received beginning at the most sig- 
nificant bit. 
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Fig. 17 Clocked serial I/O and transmit or receive data 
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A-D CONVERTER put pins is selected by bit and 1 . The relation between bit 

The A-D conversion circuit is shown in Figure 18. With the 0, 1 and the selected analog input pin is shown in Figure 

A-D analog input pins P4 /AN ~ P4 3 /AN 3 are in common 19. The A-D conversion speed is 36/us (at 8MHz 

with the input pins of the data bus. The A-D control register frequency) with an absolute conversion precision of ± 

(address 00E9 16 ) is a 3-bit register. One of four analog in- 3LSB. 



Internal data bus 



7X 



(Address 00EB 16 ) 
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Fig. 18 A-D conversion circuit 
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Fig. 19 Structure of A-D control register 
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RESET CIRCUIT 

The M50734SP is reset according to the sequence shown 
in Figure 20. It starts the program from the address formed 
by using the content of address FFFF 16 as the high order 
address and the content of the address FFFF 16 as the low 
order address, when the RESET pin is held at "L" level for 
more than 2/iS while the power voltage is in the recom- 



mended operating condition and the crystal oscillator 
oscillation is .stable and then returned to "H" level. The in- 
ternal initializations following reset are shown in Figure 22. 
An example of the reset circuit is shown in Figure 21. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X )n -X ut becomes stable. 



f(x IN ) 



RESET 

SYNC 
Address 

Data 



JULlf 



J 



nuuuuinr 



6~9 clock cycles 



AD H , AD L 




Reset address from 
the vector table 



Note 1 : The relationship between f(X, N ) and <f> is f(X, N )=4 • <f> 

2 : The mark " ? " means that the address is changeable depending 
on the previous state. 



Fig. 20 Timing diagram at reset 
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Fig. 21 Example of reset circuit 
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(1 ) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P3 directional register 

(5) Interrupt control register 1 

(6) Interrupt control register 2 

(7) Interrupt control register 3 



(8) Timer X 

(DB 16 . DA 16 ) 



Address 
(F7 16 ) 

(F4ie) 

(EF 16 ) 

C FF ie) 
(FE 16 ) 



(FC 16 ) 



(9) Watchdog timer 
(WDout pin is "L" level) 

(10) Port PO function register (F5 16 ) 

(11) Port P2 port P3 function register (ED 16 ) 

(12) A-D control register fE9 16 ]) 

(13) UART control register (E6 16 ) 

(14) Processor status register ( PS ) 
(Only interrupt disable flag is set) 

(15) Program counter C pc h) 

(TOO 



00 16 



00 16 



00 16 



oo 16 



oo 16 



oo 1£ 



oo 1€ 



02 16 


oo 16 



FF 16 



00,, 



I o IXIXIXI o I o I o 



IXIXIXIXIX1 1 IXIXI 



oo 1£ 













1 







Contents of address FFFF 16 



Contents of address FFFE 1£ 



Fig.22 Register state initiated by RESET 
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I/O PORTS 

(1) Port PO 

Port PO is a CMOS three state 8-bit input/output port. 
As shown in the memory map of Figure 1, it is located 
at address 00F6 16 on the zero page. Port PO has a 
directional register (address 00F7 16 ) to program each 
individual bit either for input or output. Those pins set 
to "1" are for output and those programmed to "0" are 
for input. 

This port also has a double function which can be 
selected for individual bits by the port PO function reg- 
ister (address 00F5 16 ) . If the contents of the port PO 
function register are "0", this port is used as a normal 
port; if they are "1", this port is used as a special port 
for functions such as interrupt input, UART input/output 
etc. 

The structure of the port PO function register is shown 
in Figure 23. 

(2) Port P1 

Port P1 is a CMOS tri-state 8-bit input/output port. The 
I/O function can be selected in the same way as for 
port PO. An 8-bit input latch (address 00F2 16 ) of the 
transparent type, is built into port P1. Therefore, port 
P1 can be used either by reading address 00F3 16l for 
non-latched data, or address 00F2 16 , for latched data. 

(3) Port P2 

This port is a CMOS three state 8-bit input/output port. 
It can be set to input/output in the same way as port 
PO. By software 2 channels (1 channel = 4-bit) from the 
stepping motor control circuit can be output simul- 
taneously. Four-phase outputs can be selected by bit 6 
and bit 7 of the port P2 port P3 function register 
. (address 00ED 16 ). The structure of the port P2 and P3 
function register is shown in Figure 24. 

(4) Port P3 

Port P3 is an 8-bit CMOS three state input/output port. 
The pins of port P3 can be set to input/output in the 
same way as port PO. Ports P3, P3t and P3 2 have dou- 
ble functions, which are determined by bits and 1 of 
the port P2 and port P3 function register (address 
00ED 16 ). 

(5) Port P4 

Port P4 is a 4-bit input port. It can be used not only a as 
4-bit digital input port, but also as an analog input port 
for the A-D converter. 

If it is used as a digital input port, the contents of 
address 00EB 16 are read. 

The 4 high-order bits of address 00EB 16 are usually "0". 
If port P4 is used as analog input, the ports are multi- 
plexed by the A-D control register and A-D conversion 
is executed. When digital input is performed during A- 
D conversion, care is necessary as the precision of A- 
D conversion can sometimes be affected. 



(6) WD OUT pin 

This pin is set after the contents of the watchdog timer 
W resetting. It can not be cleared by software, only by 
reset. 

(7) 4> pin 

The oscillation frequency, divided by 4, is output from 
this pin. 

(8) Address bus and data bus 

The 8 high order bits of the address bus are output 
directly from A 15 ~A 8 . Addresses and data of A 7 /D 7 ~ 
A /D are multiplexed. When <t> is "H", the 8 low order 
bits are output, and when is "L", data can be trans- 
ferred between A 7 /D 7 ~ A /D and external memory. 
The 8 low order address bits must be latched in an ex- 
ternal latch with the ALE signal. 

(9) RD pin 

While RD is "L" , the M50734SP can read external 
memory. 

(10) WR pin 

While WR is "L", the M50734SP can write to external 
memory. 

(11) ALE pin 

The ALE pin outputs the ALE signal to latch the low 
order address bits. The ALE signal is always generated 
once during a every machine cycle. 
The 8 low order bits of the address bus start output 
when ALE signal changes from low to high. A transpa- 
rent latch is used to allow an address set-up time. The 
address is latched when the ALE signal changes from 
high to low. 

(12) SYNC pin 

The SYNC signal controls single step operation of the 
M50734SP. It is synchronized with the $ signal and is 
output when an op code is fetched. 

(13) V REF pin 

V REF serves as reference voltage for the A-D converter. 
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Fig.23 Structure of Port PO function register 
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Fig. 24 Structure of Port P2 and P3 function register 
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Fig.25 Block diagram-1 of input/output pins 
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Fig. 27 Block diagram-3 of input/output pins 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating ciruit is shown in Figure 28. 
When a STP instruction is executed, the oscillation stops at 
the "H" state of the internal clock <j>. Moreover, timer X is 
set to 0200i 6 , and the oscillation output divided by 16 is 
connected to timer X. This connection is cleared when tim- 
er X overflows, or by resetting as discussed in the timer 
section. 

The oscillation restarts after an interrupt is accepted, but 
the internal clock <f> remains at "H" until timer X overflows. 
This is necessary because the oscillation needs a set-up 
period if a ceramic or a crystal oscillator is used. When the 
WIT instruction is executed, the internal clock <J> stops at 
"H" but the oscillator will not stop. This wait state is 
cleared after an interrupt is accepted. Since the oscillation 



does not stopp, the following instruction will be executed 
immediately and not after a fixed time as for the STP in- 
struction. The corresponding interrupt enable bit must be 
set to "1" before the STP or WIT instruction is executed. 
When the STP state is cleared, timer X counts the oscilla- 
tion frequency divided by 16. Therefore, timer X count stop 
bit (bit 2 of address 00FD 16 ) must be set to "0" before the 
STP instruction is executed. 

An example of ceramic oscillation (or quartz crystal 
oscillation) is shown in Figure 29. The value of the capaci- 
tance differs depending on the oscillator. Therefore, adjust 
the value as recommended by the each oscillator manufac- 
tures. An example where the clock signal is supplied from 
outside is shown in Figure 30. X| N is the clock input, and 
Xqut is open, 
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Fig. 28 Block diagram of the oscillation and clock generating circuit 
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Fig. 29 External ceramic resonator circuit 



Fig. 30 External clock input circuit 
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STANDBY MODE 

The M50734SP can stop oscillation, preserving the contents 
of all registers, input/output ports and so on except timer X. 
Therefore, it can begin operation again in the same state as 
before it stopped; power dissipation is greatly reduced. 
The STP instruction is used to stop the oscillation. When 
the STP instruction is executed, it stops at the address 
fetch state of the next instruction. After RESET or an INT-i, 
INT 2 or CNTR interrupt is accepted, the oscillation starts 
again. Therefore, before the STP instruction is executed, 



one of the above interrupts must be enabled and the TXG 
(interrupt control register 3 (ICON 3) , pin 2) must be 
cleared. 

After the oscillation has been restarted by any means other 
than RESET, the internal clock will start after timer X has 
counted 8208 cycles. When a ceramic oscillator is used, 
this time is needed to avoid instability at the oscillation rise. 
The block diagram of the standby mode is shown in Figure 
31. 
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Reset — ' 

STP in 
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R 
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_S~~7— Reset 




struction — 


3 
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instruction 
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"^» r ; 
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_JD — Internal clock bus 













1/8 




Timer X 




• 
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1 I " r 




II 






O O 
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1 in? 1 Cer * mic 1 


0200 16 

When the STP instruction is executed 
this initial value is set 
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Fig.31 Block diagram of standby mode 
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(1) 

(2) 



(3) 



PROGRAMMING NOTES 

The frequency ratio of the timer and the prescaler is 
1/(n+D; 

Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 
When the timer X is used at event counter mode, the 
contents of the timer X must be read after the TXG flag 
is cut off. If the TXG flag is not cut off, the plural read- 
ing data of the contents of the timer X must be com- 
pared and used as real data of the timer X. 
When the timer X at the other modes, other timers and 
prescalers are used, the contents of data can be read 
at optional time. 

After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, SED, or CLD instruc- 
tions are executed. 

A NOP instruction must be used after the execution of 
a PLP instruction. 

Notes on the stepper motor control circuit 
The single-shot must not be used while the horizontal 
or vertical counter and the phase counter are linked 
with timers, because they can not rewrite data. 
When the stepper motor control register is set and re- 
set, the bit set and bit reset instructions must be used. 
The area of addresses 00D0 16 ~ 00D9 16 can not be 
used, because those area are reserved for system ex- 
pansion. 

When the port PO function register is set and reset, 
CLB, SEB, and STA instructions must be used. 



(4) 



(5) 

(6) 
© 



(7) 



(8) 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s. 

Output transistors are at "off" state. 


-0.3—7 


V 


v, 


Input voltage, RESET, X, N 


. -0.3-7 


V 


Vref 


Input voltage, P0 ~P0 7 , P1o~P1?, P2 ~P2 7 , P3 ~P3 7 
P4o~P4 3 , ADo~AD 7> V REF 


-0.3~Vcc-r-0.3 


V 


v 


Onput voltage, P0 ~P0 7 , P1 ~P1 7l P2 ~P2 7 , P3 ~P3 7 
AD ~AD 7l A 8 ~A 15 , RD, WR, <f> 
SYNC, ALE, WDout. X ut 


( -0.3~Vcc+0.3 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


T opr 


Operating temperature 




—10—70 


°C 


Tstq 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS 



( V cc = 5V±10%, V ss = OV, T a = -10~70'C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V', H 


"H" input voltage, P0 ~P0 7 (During using as a port) 
P1 ~P1 7 , P2o~P2 7 , P3 ~P3 7 
P4 ~P4 3 , AD ~AD 7 


2.0 




Vcc+0. 3 


V 


V,H 


"H" input voltage, R X D, CNTR, INTi, INT 2 , RESET 

X|N 


0. 8V CC 




Vcc+0. 3 


v 


V, L 


"L" input voltage, POo~P0 7 (During using as a port) 
P1 ~P1 7 , P2 ~P2 7l P3 ~P3 7 
P4o~P4 3 , AD ~AD 7 


-0.3 




0.8 


V 


V, L 


"L" input voltage, R X D, CNTR TntT, INT^ 


-0.3 




0. 2V CC 


V 


V, L 


"L" input voltage, RESET 


-0.3 




0.12V CC 


V 


V, L 


"L" input voltage, X !N 


-0.3 




0.16V CC 


V 


Vref 


Standard voltage input 


0. 5V CC 




Vcc 


V 


V, A 


Analog input voltage, P4 ~P43 


-0.3 




Vcc+0. 3 


V 


'oL(perk) 


"L" peak output current, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , AD ~AD 7l A 8 ~A 15 
RD, WR, 4>, SYNC, ALE, WDout 






5 


mA 


'oL(avg) 


"L" average output current (Notel), POo~P0 7 , P1o~P17 
P2o~P2 7 , P3 ~P3 7 
AD ~AD 7 , A 3 ~A 15 
RD, WR, <?>, SYNC 
ALE, WDout 






2 


mA 


'oH(peak)i 


"H" peak output current, P0 ~P0 7 , AD ~AD 7 , A 8 ~A 15 

RD, WR, <f>, SYNC, ALE, WDout 






-5 


mA 


>oH(peak)2 


"H" peak output current, P0 ~P0 7 , P2 ~P2 7 , P3 ~P3 7 






-10 


mA 


•oH(avg)i 


"H" average output current, (Notel) P0 ~P0 7 , AD ~AD 7 
A 8 ~A 1 5 1 RD,WR,?5 
SYNC, ALE, WDout 






-2 


mA 


•oH(avg)2 


"H" average output current, (Notel) P1 ~P17. P2 ~P2 7 
P3 ~P3 7 






-10 


mA 



Note 1 ". loaavg). 'oH(avg) is the average current in 100ms. 

2 : The total of loUpeak). of P0 ~P0 7 , AD ~AD 7 , A 8 ~A 15 , RD, WR, </>, SYNC, ALE and WD OU t 
should be 80mA max 

The total of loapeak). of P1o~P1?. P2 ~P2 7 and P3 ~P3 7 should be 80mA max 
The total of l H(peak>. of P0 ~P0 7) AD ~AD 7 and A 8 — A 15 , RD, WR, <p, SYNC, ALE and WD OU t 
should be —60mA max 
The total of loH(peak). of P1 ~P17. P2 ~P2 7 and P3 ~P3 7 should be — 80niA max 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, V ss = OV, T a = -10~70°C, f (X)N , = 8MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage all output pin except Xout pin 


Ioh = -200>A 


2.4 






V 


l OH = -10/M 


Vcc-0. 7 






Vol 


"H" output voltage all output pin except X ut pin 


Iol = 1.6mA 






0.5 


V 


1, 


Input leak current, P ~P4 3 , RESET 


V ss < V, < Vcc 


-5 




5 


m a 


loz 


Three state leak current, all input/output pin 


V ss + 0. 5V < V £ Vcc - 0. 5V 


-5 




5 


MA 


V T +-V T _ 


Hysteresis width, INT,, INT 2 , CNTR, R X D, RESET 


When used as function except port 




0.6 




V 


'OH 


"H" output current, P2 ~P2 7 


Voh = 1.5V 


-1 




— 10 


mA 


'cc 


Supply current 


During operating (Output transistors cut-off) 




6 


15 


mA 


Wait mode (Output transistors cut-off) 




1 


3 


Stop mode (Output transistors cut-off) 




1 


20 


juA 


'acc 


A/D supply current 


During executing A/D convert 






6 


mA 



TIMING REQUIREMENTS (Vcc = 5V±10%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsil (D-0) 


Data input set-up time ' 


Fig.32 


80 






ns 


tsu (PO-<6) 


Port P0 input set-up time 


250 






ns 


tsu (P1-0) 


Port P1 input set-up time 


250 






( ns 


tsu (P2-<4) 


Port P2 input set-up time 


250 






ns 


tsu (P3-0) 


Port P3 input set-up time 


250 






ns 


*SU (P4-<A) 


Port P4 input set-up time 


250 






ns 


tsu (P1-INT,) 


Port P1 latch input set-up time 


250 






ns 


tsu (Sin-Sri K ) 


Serial input set-up time 


250 






ns 


th (0-d) 


Data input hold time 









ns 


th (0-po) 


Port P0 input hold time 


50 






ns 


th (0-pD 


Port P1 input hold time 


50 






ns 


th (0-P2) 


Port P2 input hold time 


50 






ns 


th (0-P3) 


Port P3 input hold time 


50 






ns 


th U-P4) 


Port P4 input hold time 


50 






ns . 


th (INTt-PI ) 


Port P1 latch input hold time 


50 






nS 


th (s clk -S|n) 


Serial input hold time 


50 






ns 


t\A/L (INT^ 


INT! input "L" pulse width 


250 






ns 


t\A/L (INT 2 ) 


INT 2 input "L" pulse width 








jus 


t\A/L (CNTR) 


CNTR input "L" pulse width 








us 


t\A/H (INT,) 


INT! input "H" pulse width 








MS 


t\A/H (INT 2 ) 


TNT 2 input "H" pulse width 








jus 


t\A/H (CNTR) 


CNTR input "H" pulse width 








JUS 


tc (X IN ) 


External clock input cycle time 


125 






ns 


twL (X, N ) 


External clock input "L" pulse width 


45 






ns 


t\A/H (X| N ) 


External clock input "H" pulse width 


45 






ns 


tw (RESET) 


RESET input "L" pulse width 


2 • 






^s 



The pin to be 
measured 



:c L 



777" 



C L : In case of A /D ~A 7 /D 7l A 8 ~A 15> P0 ~P0 7l RD and WR, is 100pF 
In case of P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7 , ALE and <f>, is 50pF 



Fig.32 Measurement circuit diagram 
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SWITCHING CHARACTERISTICS (Vcc = 5V±10%, T a = -10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*t c (*> 


Cycle time (Note 6) 


Fid.32 


500 






ns 


T WH (<6) 


<f> clock pulse width (High level) (Note 2) 


220 






ns 


%L (<4) 


<f> clock pulse width (Low level) (Note 2) 


220 






ns 


tr<*> 


<f> clock rising edge time 






30 


ns 


"tf (0) 


<f> clock falling edge time 






30 


ns 


td(5*-ALE) 


Address strobe pulse delay time (Note 4) 






60 


ns 


lW(ALE) 


Address strobe pulse width (Note 3) 


100 






ns 


td(A-ALE) 


Address-ALE delay time 


30' 






ns 


tv(ALE-A) 


Address effective time after ALE 


30 






ns 


*dl (<*-A) 


Address delay time 1 






130 


ns 


Id2 (5*-A) 


Address delay time 2 ( Note 1 ) 






150 


ns 


V (<*-A) 


Address effective time after <j> 


10 






ns 


5«* 

lW (RD) 


RD, WR pulse width ( Note 2) 


220 






ns 


td (0-RD) 


RD, WR delay time 






20 


ns 


*V (<*-RD) 


RD, WR effective time after <f> 






10 


ns 


*d (A2-RD) 


address floating-RD delay time 









ns 


td <*-D) 


Data delay time (write cycle) 






150 


ns 




Data effective time after <f> (Note 5) 


40 






ns 


td (0-PO) 


Port PO data output delay time 






250 


ns 


td (0-P1) 


Port P1 data output delay time 






250 


ns 


td (*-P2) 


Port P2 data output delay time 






250 


ns 


td (<*-P3) 


Port P3 data output delay time 






250 


ns 


td (0-s CLK ) 


Serial clock delay time 






60 


ns 


W (0-Scik) 


Serial clock effective time after <f> 






40 


ns 


td (Sclk-Sout) 


Serial output delay time 






150 


ns 


tv (S clk -Soijt) 


Serial output effective time after serial clock 









ns 


td(7NT7-BSY) 


Busy output delay time 






250 


ns 



%< This timing is changed by t c (X| N ), The timing of this list is the value in t c (X| N ) = 125ns 

Note 1 : This value is defined as follows : td z (^- A) =t c (?i)/8+8. 75 

2 : This value is defined as follows : t w (RD)=t c (0)/2— 30 

3 : This value is defined as follows '. t w (ALE)=t c (0)/4— 25 

4 : This value is defined as follows : td(0-ALE)=t c (0)/8-2. 5 

5 : This value is defined as follows : t v (0-D)=t c (0)/8-22.5 

6 '. This value is defined as follows '. t c (0)=4t c (X| N ) 



A-D CONVERTER CHARACTERISTICS (V CC =5V±10%, V ss =0V, T a =-10~70°C, f {X|N )=8MHz, unless otherwise noded) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 




8 






Bits 


- 


Absolute accuracy 


V CC =Vref=5.12V 




±1 1/2 


±3 


LSB 


^LADDER 


Ladder resistance value 




1 






KO 


tcONV 


Conversion time 








36 


MS 


ll(AD) 


Input current in A-D convert 


o^v,^v REF 






50 


juA 
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TIMING DIAGRAM 

Bus timing diagram 



J 



ALE 



Ai5~A 8 
CME 



RD or WR 



AD ~AD 7 
CPU Read 



AD ~AD 7 
CPU Write 




twH($ 



■ t r [0) 



2.0V 
0.8V 



\ 



tdiC0— A3 



xzx 



2.0V 
0.8V 



tdaC^-A] 



/ 2.0V \j r 



td(A-ALE) 



Address valid 



■ tf [0 



tf(ALE) 



Address valid 



^ 



tdO-RD)- 



/ 



twCRD] 



8V 



td(AZ-RD] 



> 



Address valid 



> 



tyCALE-A] 



0.4V ^ 



t su CD-^ 



tdC^-D) 



/ 2.0V N^ 



Data valid 



T v C0-A] 



£ 



/ 



t v [0-RD] 



thC^-D] 



> 



WC^-D] 



> 
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Port P1 latch input timing diagram 



CNTR 
INT2 



INT1 



P1o~P1r 



BUSYqut 



t WL (CNTR) 
t WL (iNf2) 



t WH (CNTR) 
t WH (lNf2) 




JC° 



8V C , 



t WH (lNTD 



< 



2.4V 
0.4V 



o.2v cc \ 3 



t S u(P1-INTl) 



Data valid 



t WL (INTl) 

-s= 5»- 



th(INTI-Pi) 



> 



td(lNTI-BSY) 

^ =». 



jt'lXN 



X, Nl RESET input timing diagram 



RESE 
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Port P0~P4 Input/output, serial I/O timing diagram 



P0-P4 
INPUT 



P0-P3 
OUTPUT 



Sin 
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DESCRIPTION 

The M50734SP-10 is a microcomputer designed with 
CMOS sillicon gate technology. It is housed in a 64-pin 
shrink plastic molded DIP. This microcomputer is useful for 
business equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50734SP-10 and the 
M50734SP are noted below. 



Type name 


maximum value of clock generating frequency 


M50734SP 


8MHz 


M50734SP-10 


10MHz 



In this section, the following explanations apply to the dif- 
ferences between the M50734SP and the M50734SP-10. 
Other functions are explaned the M50734SP/FP's section in 
detail. 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size (internal memories are not provided) 

Memory area programmable memory 64k bytes 

data memory 64k bytes 

• Instruction execution time 

0.8ms (minimum instructions, at 10MHz frequency) 

• Single power supply 5V±10% 

• Power dissipation normal operation mode 

(at 10MHz frequency) • 35mW 

• Subroutine nesting 128 levels (Max.) 

• Interrupt 11 types, 5vectors 

• Timers 

16-bit timer/event counter (general purpose) --1 

8-bit timer (general purpose) 3 

8-bit timer (watchdog timer) 1 

8-bit timer (strobe timer) 1 

8-bit timer (baud rate timer) 1 

8-bit counter (control for stepper motor) • 2 

• Stepper motor control circuit 

1 channel for the X or Y direction 

• Programmable I/O ports (Ports P0, P1, P2, P3) 32 

• Input ports (Port P4)----------- -4 

• Serial I/O 

8-bit clock synchronous ••'• 1 

8-bit UART ■' ■••' 1 

Baud rate (at9.83MHz frequency)--75bps~76800bps 

• A-D converter 8-bit successive approximation 

• PWM function •• • 1 

• Multiplex-type bus 

Address bus 16 

Data bus (multiplexed with lower address bus) 8 

APPLICATION 

Printer/plotter, Electronic typewriter, PPC, FAX, Portable 
word processor, Robotics 



PIN CONFIGURATION 


(TOP VIEW) 








I P0 4 /STB O ut~E 


\j 




E~Vcc 


I/O 

port 

P0 


P0 5 /DME-~|j[ 






m ++ po3/busyout 




P0 6 /TxD.-*[7 






U ** P0 2 /CNTR 


I/O 




( P0 7 /RxD *■* [T 






lO-M'PO^INTz 


P0 




P1o~E 






60|-*POo/INL 






P1i«-[I 






1-WDour H a l c r hd °9 




pi 2 **ii; 






H^Aq/Dq 


overflow 


I/O port P1 


pi 3 **II 
pi 4 ^E 






5J0'*+A 2 /D 2 


output 




pi 5 ~no 






U *+ A3/D3 


Address 




pi 6 ~m 






54] 4+ A4/D4 


/data bus 




P1 7 ~[J2 






ll^As/Ds 






P2 /H a «-Il3 






H~A 6 /D 6 






pvHb'—E 


2 




5l] -* A 7 /D 7 






P2 2 /H C ~[II 


o 




^nl — *. ai c Address latch 
2iJ~*ALt enable signal 


I/O port P2 


P2 3 /H d «-ni 

P2 4 /Va^EZ 


CO 
CO 




!-Aa 

H-A 9 


output 




P2 5 /Vb~[li 


TJ 
i 




£|-*A 10 






P2 6 /V c «~ \}9 


o 




1— A n 






P2 7 /V d ~ go 






1-*A 12 


Address bus 




P3 /PWM OU T~IIi 






E-A 13 






P3i/S CLK ~H 






U->A 14 




I/O 
port \ 


P3 2 /S lo **» m 






1-A 16 


Synchronous 


P3 3 ^E 






4]]-* SYNC signal output 


P3 


P3 4 ^H 

P3 5 ~H 
P3 6 ~[27 

P3 7 ^H 






40J — ► Timing output 

1-wb S e u« si9nal 

38] —*■ RD Read Sl 'g na ' 
IZ output 

Izl-v REF 


Reset input RESET— ► [29 






H *- P4 3 /AN 3 




Clock input x, N -► H 






U «- P4 2 /AN 2 




Clock output Xqut "*-" HI 




. 


34] — P4 1 /AN 1 


Input port P4 




V ss H 


! 




D — P4 /AN 








Ou 


tline 64P4 


B 
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FUNCTIONS OF 


M50734SP-10 






Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


O.Qjus (minimum instructions, at 10MHz frequency) 


Clock frequency 


10MHz 


Memory size 


64K bytes (up to 128k bytes with DME signal) 


Input/Output ports 


PO, P1, P2, P3 


I/O 


8-bitX4 (all pins of PO, P2, and part of P3 have double functions) 


P4 


input 


4-bitX1 (P4 is in common with analog input) 


UART 


1 (built-in baud rate generator, 75~76800bps) 


Clock synchronized serial I/O 


8-bitXl 


Timer 


Timer X 


16-bitX1 


Timer 1 


8-bitXl (with 8-bit prescaler) 


Timer 2 


8-bitXl (with 8-bit prescaler) 


Timer 3 


8-bitXl (with 8-bit prescaler) 


Timer S 


8-bitXl (with 1/4 frequency divider) 


Timer W 


8-bitXl (with 1/1 024 frequency divider) 


A-D converter 


Four analog inputs, 8-bit successive approximation 


Subroutine nesting 


128 levels (max.) 


Interrupts 


Three external interrupts, four timer interrupts 
Two counter interrupts, one UART interrupt 


Clock generating circuit 


Built-in 

(externally connected to a ceramic resonator or a quartz crystal resonator) 


Supply voltage 


5V±10% 


Power dissipation 


at normal operation (at8MHz frequency) 


35mW 


at wait mode 


5mW 


at stop mode 


5mW 


Operating temperature range 


-10~70°C 


Device structure 


CMOS sillicon gate process 


Package 


64-pin shrink plastic molded DIP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc> V S s 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V ss 


Vref 


Reference voltage input 


Input 


This is the reference voltage input pin for the A-D converter. 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/^s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and X ut pins. If an external 
clock is used, the clock source should be connected the X| N pin the X ut pin should be left open. 


XoUT 


Clock output 


Output 





Timing output 


Output 


This is the timing output pin. Clock oscillating frequency f(X| N ) divided by 4 signal is outputed. 


SYNC 


Synchronous signal 
output 


Output 


Synchronous signal is outputed when the op code is feched, and is used, to control the program's single- 
step operation. 


RD 


Read signal output 


Output 


Control signal for read access to ROM, RAM and peripherals. 


WR 


Write signal output 


Output 


Control signal for write access to RAM and peripherals. 


ALE 


Address latch 
enable signal output 


Output 


Address latch signal for address A ~A 7 . 


Ai5~A a 


Address bus 


Output 


The contents of the high-order 8 bits of the address bus are output (CMOS output). 


A 7 /D 7 ~ 
A /A 


Address/Data bus 


I/O 


The contents of the lower-order 8 bits of the address bus and 8 bits of the data bus are multiplexed and 
output/input (CMOS output). 


WDqut 


Watchdog timer 
overflow output 


Output 


When the watchdog timer overflows, this pin is set to "H". Cleared only at reset. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with CMOS tri-state output. Each port has double function, and can switch by 
software. 


Int7(po ) 

INTzCPOJ 

CNTR(P0 2 ) 

BUSY OU t(P0 3 ) 

STB OU t(P0 4 ) 

DME(P0 5 ) 

TxD(P0 6 ) 

RxD(P0 7 ) 


Interrupt input 
Interrupt input 
Timer I/O 
Busy signal output 
Strobe pulse output 
Data memory enable output 
Transmission output 
Receive input 


Input 
Input 
I/O 
Output 
Output 
Output 
Output 
Input 


This is an interrupt input pin. 

This is an interrupt input pin. 

This is an output pin for the timer X. 

When the falling edge is inputed to INTi pin, this port is set by hardware. 

This pin is used for the strobe input to the external driver IC. „ 

This pin is used for external memory expansion. 

This is an output pin for UART. 

This is an input pin for UART. 


P1o~P1r 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port with CMOS tri-state output. It is also used as "latch input" to read data when a 
low level signal is inputed to INTt pin. 


P2 ~ P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with CMOS tri-state output. By software selection, it can also be used as an out- 
put port for the decoder logic of a stepper motor control circuit. 


P3 ~ P3 7 


I/O port P3 


' I/O 


Port P3 is an 8-bit I/O port with CMOS tri-state output. The function of the P3 ~P3 2 can be selected by 
software. t 


S lo (P3 2 ) 


Serial I/O 


I/O 


This pin is used as an I/O pin for serial I/O. 


P4 /AN ~ 
P4 3 /AN 3 


Input port P4/ 
Analog input 
port AN 


Input 


Port P4 is a 4-bit input port, and is used as a 4-bit analog input port for A-D converter. 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+D. 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When the timer X is used at event counter mode, the 
contents of the timer X must be read after the TXG flag 
is cut off. If the TXG flag is not cut off, the plural read- 
ing data of the contents of the timer X must be com- 
pared and used as real data of the timer X. 

When the timer X at the other modes, other timers and 
prescalers are used, the contents of data can be read 
at optional time. 



(4) 



(6) 
© 



(7) 



(8) 



After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, SED, or CLD instruc- 
tions are executed. 

A NOP instruction must be used after the execution of 
a PLP instruction. 

Notes on the stepper motor control circuit 
The shingle-shot must not be used while the horizontal 
or vertical counter and the phase counter are linked 
with timers, because they can not rewrite data. 
When the stepper motor control register is set and re- 
set, the bit set and bit reset, instructions must be used. 
The area of addresses 00D0 16 ~ 00D9 16 can not be 
used, because those area are reserved for system ex- 
pansion. 

When the port PO function register is set and reset, 
CLB, SEB, and STA instructions must be used. 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s- 

Output transistors are at "off" state. 


-0.3—7 


V 


v, 


Input voltage, RESET, X, N 


-0.3—7 


V 


v REF 


Input voltage, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 3 , AD ~AD 7 , V REF 


-0.3~Vcc+0.3 


V 


Vo 


Onput voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7 
ADo~AD 7 , A 8 ~A 15 , RD, WR, <f> 
SYNC, ALE, WDout, X ut 


-0.3~Vcc+0.3 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstq 


Storage temperature 




-40—125 


°C 
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RECOMMENDED OPERATING CONDITIONS 

(V cc = 5V±10%, V ss = OV, T a = -10~70°C, f (X|N ) = 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V, H 


"H" input voltage, POo~P07 (During using as a port) 
P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 3 , AD ~AD 7 


2.0 




Vcc+0. 3 


V 


V,H 


"H" input voltage, R X D, CNTR, INT^, INT^, RESET 


0. 8V CC 




V cc +0. 3 


V 


V, L 


"L" input voltage, POo~P0 7 (During using as a port) 
P1o~P1 7 , P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 3 , AD ~AD 7 


-0.3 




0.8 


V 


V, L 


"L" input voltage, R X D, CNTR TntT, InT^ 


-0.3 




0. 2V CC 


V 


v, L 


"L" input voltage, RESET 


-0.3 




0.12V CC 


V 


v, L 


"L" input voltage, X| N 


-0.3 




0.16V CC 


V 


V REF 


Standard voltage input 


0. 5V CC 




Vcc 


V 


v, A 


Analog input voltage, P4 ~P4 3 


-0.3 




V cc +0. 3 


V 


'oL(perk) 


"L" peak output current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , AD ~AD 7 , A 8 ~A 15 
RD, WR, 4>, SYNC, ALE, WD ut 






5 


mA 


'oL(avg) 


"L" average output current (Notel), P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
AD ~AD 7 , A 3 ~A 15 
RD, WR, <f>, SYNC 
ALE, WDout 






2 


mA 


'oH(peak)i 


"H" peak output current, P0 ~P0 7 , AD ~AD 7 , A 8 ~Ai 5 

RD, WR, <t>, SYNC, ALE, WD ut 






-5 


mA 


•oH(peak)2 


"H" peak output current, P0 ~P0 7 , P2 ~P2 7 , P3 ~P3 7 






-10 


mA 


•oH(avg)i 


"H" average output current, (Notel) P0 ~P0 7 , AD ~AD 7 
A 8 ~A 15 , RD, WR, <t> 
SYNC, ALE, WDout 






-2 


mA 


•oH(avg)2 


"H" average output current, (Notel) P1 ~P1 7 > P2 ~P2 7 
P3 ~P3 7 






-10 


mA 



Note 1 : loaavg). 'oH(avg) is the average current in 100ms. 

2 : The total of l L(peak). of P0 ~P0 7 , AD ~AD 7 , A 8 ~A 15 , RD, WR, </>, SYNC, ALE and WD OU t 
should be 80mA max 

The total of loUpeak). °f P1o~P1 7 , P2 ~P2 7 and P3 ~P3 7 should be 80mA max 
The total of l H(peak). °f P0 ~P0 7 , AD ~AD 7 and A 8 ~A 15 , RD, WR, <J>, SYNC, ALE and WD OU t 
should be —60mA max 
The total of l H(peak). of P1 ~P1 7 . P2 ~P2 7 and P3 ~P3 7 should be —80mA max 



ELECTRICAL CHARACTERISTICS (Vcc = 5V±i0%, V ss = OV, T a =-10~70°C, f (X|N , = 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage all output pin except X ut pin 


Ioh = -200/M 


2.4 






V 


l OH ^-10^A 


Vcc-0. 7 






Vol 


"H" output voltage all output pin except Xout pin 


l L := 1-6mA 






0.5 


V 


1, 


Input leak current, Po~P4 3 , RESET 


V ss ^ V, ^ V cc 


-5 




5 


MA 


'oz 


Three state leak current, all input/output pin 


V ss + 0. 5V ^ V ^ Vcc - 0. 5V 


-5 




5 


juA 


V T +-V T - 


Hysteresis width, INTl INT 2 , CNTR, R X D, RESET 


When used as function except port 




0.6 




V 


'OH 


"H" output current, P2 ~P2 7 


V h=1.5V 


-1 




-10 


mA 


Ice 


Supply current 


During operating (Output transistors cut-off) 




7 


18 


mA 


Wait mode (Output transistors cut-off) 




1 


4 


Stop mode (Output transistors cut-off) 




1 


20 


/uA 


'acc 


A-D supply current 


During executing A-D conversion 






6 


mA 
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TIMING REQUIREMENTS (v c 



= 5V±10%, T a 



-10~70 o C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsil (D-0) 


Data input set-up time 


Fig.1 


60 






ns 


*SU (PO-<A) 


Port PO input set-up time 


250 






ns 


tsil (P1-<4) 


Port P1 input set-up time 


250 






ns 


*SU (P2-0) 


Port P2 input set-up time 


250 






ns 


tsU (P3-?0 


Port P3 input set-up time 


250 






ns 


tsU (P4-?» 


Port P4 input set-up time 


250 






ns 


tsu (PI-INT^) 


Port P1 latch input set-up time 


250 






ns 


*SU (S, n -S CL k) 


Serial input set-up time 


250 






ns 


tfl (?*-D) 


Data input hold time 









ns 


th (^-po) 


Port PO input hold time 


50 






ns 


*h (?*-p-i) 


Port P1 input hold time 


50 






ns 


*h U-P2) 


Port P2 input hold time 


50 






ns 


th<*-P3> 


Port P3 input hold time 


50 






ns 


*h <#-P4) 


Port P4 input hold time 


50 






ns 


*h (lNT r Pl) 


Port P1 latch input hold time 


50 






nS 


*h (ScLK-S| N ) 


Serial input hold time 


50 






ns 


Wl (INTi) 


INTi input "L" pulse width 


250 






ns 


*WL (INT 2 ) 


INT 2 input "L" pulse width 








MS 


*WL (CNTR) 


CNTR input "L" pulse width 








jus 


*WH (INT-|) 


INT^ input "H" pulse width 








JUS 


*WH (INT 2 ) 


INT 2 input "H" pulse width 








JUS 


t\A/H (CNTR) 


CNTR input "H" pulse width 








JUS 


tc (X, N ) 


External clock input cycle time 


100 






ns 


t\A/L (X, N ) 


External clock input "L" pulse width 


35 






ns 


t\A/H (X| N ) 


External clock input "H" pulse width 


35 






ns 


t\/V (RESET) 


RESET input "L" pulse width 


2 






MS 



The pin to be 
measured 



C L 



777 



C L : In case of A /Do~A 7 /D 7l A 8 ~A 15 , P0 ~P0 7 , RD and WR, is 100pF 
In case of P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7l ALE and <f>, is 50pF 



Fig.1 Measurement circuit diagram 
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SWITCHING CHARACTERISTICS (Vcc = 5V±10%, T a = -10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 




Cycle time (Note 6) 


Fig.1 


400 






ns 


l WH (<4) 


<f> clock pulse width (High level) (Note 2) 


170 






ns 


5K t 


<j> clock pulse width (Low level) (Note 2) 


170 






ns 


tr <*) 


clock rising edge time 






30 


ns 


tf <*) 


<J> clock falling edge time 






30 


ns 


ld(?*-ALE) 


Address strobe pulse delay time (Note 4) 






47.5 


ns 


' tw(ALE) 


Address strobe pulse width (Note 3) 


75 






ns 


*d(A-ALE) 


Address-ALE delay time 


10 






ns 


tv(ALE-A) 


Address effective time after ALE 


30 






ns 


*dl (0-A) 


Address delay time 1 






120 


ns 


ld2 (<6-A) 


Address delay time 2 (Note 1 ) 






140 


ns 


W ( <*-A) 


Address effective time after <f>. 


10 






ns 


*W (RD) 


RD, WR pulse width (Note 2) 


170 






ns 


td U-RD) 


RD, WR delay time 






20 


ns 


W (f»-RD) 


RD, WR effective time after 4> 






10 


ns 


td (AZ-RD) 


Address floating-RD delay time 









ns 


*d (0-D) 


Data delay time (write cycle) 






150 


ns 


tv («i-D) 


Data effective time after <j> (Note 5) 


27 






ns 


td (0-PO) 


Port PO data output delay time 






250 


ns 


td ( «4-pi ) 


Port P1 data output delay time 






250 


ns 


td (<*-P2) 


Port P2 data output delay time 






250 


ns 


*d (0-P3) 


Port P3 data output delay time 






250 


ns 


td U-sclk) 


Serial clock delay time 






60 


ns 


W U-S CLK ) 


Serial clock effective time after <t> 






40 


ns 


td (S nL K-SoUT> 


Serial output delay time 






150 


ns 


tv (s clk -Sout) 


Serial output effective time after serial clock 









ns 


td(i"fsrn-BSY) 


Busy output delay time 






250 


ns 



•^ This timing is changed by t c (X 1N ), The timing of this list is the value in t c (X )N ) = 100ns 
Note 1 ." This value is defined as follows .' td 2 ( ? s-A) := tc(0)/8+77. 5 (t c (0)^ 500ns) 

td2(*-A)=140ns (4OOns^t c (0)^ 500ns) 
2: This value is defined as follows : t w (RD)=t c (^)/2— 30 

3 : This value is defined as follows : t w (ALE)=t c (0)/4— 25 

4 : This value is defined as follows .' td(0— ALE)=t c (0)/8— 2. 5 

5 : This value is defined as follows : t v (0— D)=t c (0)/8— 22.5 

6 '. This value is defined as follows '. t c (0)=4t c (X| N ) 



A-D CONVERTER CHARACTERISTICS (V C c=5V±10%, V ss =0V, T a =-10~70°C, f (XlN) = 10MHz, unless otherwise noded) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 




8 






Bits 


— 


Absolute accuracy 


V C c=Vref=5..12V 




±1 1/2 


±3 


LSB 


Rladder 


Ladder resistance value 




1 






Kn._ 


tcONV 


Conversion time 








36 


jus 


l|(AD) 


Input current in A-D convert 


0^V|^V ref 






50 


juA 
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TIMING DIAGRAM 

Bus timing diagram 



J 



A, 5 ~A 8 
CME 



RD or WR 



AD ~AD 7 
CPU Read 



AD ~AD 7 
CPU Write 




twHC^] 



t r (0 



2.0V 
0.8V 



\ 



tdiC^— A] 



x_x 



2.0V 
0.8V 



td2^~A) 



\08VA 



td(A-ALE) 



tw L (0] 



- tfC^D 



tf(ALE) 



Address valid 



tdC^-RDj 



/ 



V— 

\0.8V 



twCRD] 



t d (AZ-RD) 



Address valid 



> 



Address valid 



> 



i— 

tyCALE-Aj 



2.4V - C 

0.4V ^ 



t SU CD-^ 



tdC^-D) 



/7ov\j 



Data valid 



T v (0-A) 



X 



/ 



W^-RD) 



t h C^— D] 



> 



tvC^-D] 



> 
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Port P1 latch input timing diagram 

W(CNTR) 
t WL (lNT2) 



CNTR 
INT2 



INT1 



P1o~P1 7 



BUSY OUT 



t WH (CNTR) 
t WH (lNT2) 




/' 



8V CC 



t WH (lNT1) 



< 



2.4V 
0.4V 



0-2V C c % 
t su (P1-INTT) 



DATA VALID 



t WL (INT1) 



th(lNT1-P1) 

«e — ^- 



> 



td(INTI-BSY) 

«*= 



2.0V 



X, N , RESET input timing diagram 
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Port P0~P4 input/output, serial I/O timing diagram 



P0-P4 
INPUT 



P0-P3 
OUTPUT 
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ADDRESSING MODES 

The series MELPS 740 has 17 addressing modes and an 
extremely powerful memory access capability. 
When extracting data required for arithmetic and logic op- 
erations from the memory or when storing the results of 
such operations in a memory using the appropriate instruc- 
tions for this purpose, the memory address must be speci- 
fied. Even when jumping to an address during a program, 
that particular address must be specified. The specification 
of the memory address is called addressing. The data re- 
quired for addressing and the registers involved are now 
described. The series MELPS 740 instructions can be clas- 
sified into three kinds, as shown in Figure 1, by the byte 
number in the program memory required for configuring the 
instruction: 1-byte, 2-byte and 3-byte instructions. In each 
case, the first byte is known as the "operation code" which 
forms the basis of the instruction. The second or third byte 
is called the "operand" which affects the addressing. The 
contents of index registers X and Y also effect the addres- 
sing. 

However many the addressing modes, there is no differ- 
ence in the sense that a particular memory is specified. 
What differs is whether the operand or the index register 



contents or a combination of both should be used to specify 
the memory or jump destination. Based on these 3 methods, 
the range of variation is increased and the series 740 op- 
eration is enhanced by combinations of the bit operation in- 
structions, jump instruction and arithmetic instructions. The 
accumulator or register is specified with a 1-byte instruction 
and so there is no operand byte, which is the part specify- 
ing the memory. 
Actual addressing modes are now described by type. 



1-byte instructio 


i 2 


-byte instructior 


l C 


J-byte instructior 


i 


ndex registers 


















1 x | 




Op code 


Op code 


Op code 










| Operand I | 


[ Operand I | 




1 v | 






[ Operand II | 























Fig.1 Instruction byte configuration 
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Name : Immediate addressing mode 

Function : Operand follow immediate after 

opcode. 
Instructions : ADC, AND, CMP, CPX, CPY, 

EOR, LDA, LDX, LDY, ORA, 

SBC 
Example '. Mnemonic Machine code 

ADC #$A5 69 16 A5 16 

I. 

*This symbol designates the im- 
mediate addressing mode. 



Memory 



A-A+C+ 



A5 1e 



Opcode (69 16 ) 



Operand (A5 16 ) 



Name '. Accumulator addressing mode 

Function ! Operation is performed on ac- 
cumulator. 

Instructions : ASL, DEC, INC, LSR, ROL, 
ROR 

Example : Mnemonic Machine code 

ROL A 2A 16 



Bit 7 



BitO 



HD— C 



V 



Carry flag 



Accumulator 
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Name : Zero page addressing mode 

Function : Operation is performed on the 
zero page memory (00 16 ~FF 16 ) 

Instructions : ADC, AND, ASL, BIT, CMP, 
COM, CPX, CPY, DEC, EOR, 
INC, LDA, LDM, LDX, LDY, 
LSR, ORA, ROL, ROR, RRF, 
SBC, STA, STX, STY, TST 

Example i Mnemonic Machine code 

ADC $02 65 16 02 16 



A-A + C+ | Data | ^- 



Memory 






oo 16 




02 16 **j 
FF 16 




" ' 


Opcode (65 16 ) 


Operand (02 16 ) 









I 



Zero page 



Zero page 
specification 



Name 
Function 



Instructions 



Example 



: Zero page X addressing mode 
: Operation is performed on the 
memory which address is spe- 
cified by adding the operand 
and contents of index register 
X. 

ASL, CMP, DEC, 
LDA, LDY, LSR, 
ROR, SBC, STA, 



ADC, AND, 
EOR, INC, 
ORA, ROL, 
STY 

Mnemonic 
ADC $1E,X 



Machine code 
75 16 1E 16 



Memory 



A«-A + C + | Data \ +- 



Data 



Opcode (75 16 ) 



Operand (1E 16 ) 



oo 16 


■\ 


► Zero page 






04 16 - 






FF 16 

J 


Zero page X 
specification 




Contents of 
index register X 




f 


E6 16 


= 1 
L J 


04 16 



Ignored 
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Name 


I Zero page Y addressing mode 






Function 


i Operation is performed on the 
memory which address is spe- 








cified by adding the operand 
and contents of index register 
Y. 
: LDX, STX x «- 
i Mnemonic Machine code 




Memory 


. 








00 16 




Instructions 


Data | <— 


Data 


E 






Zero 




°ib ^. 




page 


Example 










LDX $02,Y B6 16 02 16 






FF 16 










'' k 


Zero page Y 
specification 










Contents of 












index register Y 






Opcode (B6 16 ) 




1 












Operand (02 16 ) 


+ 


E6 16 


= 


E8 16 





Name \ Absolute addressing mode 

Function : Operation is performed on the 
memory which address is spe- 
cified by first and second 
operand. 

Instructions : ADC, AND, ASL, BIT, CMP, 
CPX, CPY, DEC, EOR, INC, 
JMP, JSR, LDA, LDX, LDY, 
LSR, ORA, ROL, ROR, SBC, 
STA, STX, STY 

Example : Mnemonic Machine code 

ADC $AD12 6D 16 12 16 AD 16 



Memory 



A-A+C+ 



Data 



Opcode (6D 16 ) 



Operandi (12 16 ) 



Operandi! (AD 16 ) 



Data 



Absolute 
specification 



AD12 U 
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Name '. Absolute X addressing mode 

Function ! Operation is performed on the 
memory which address is spe- 
cified by adding the contents of 
index register X and value indi- 
cated first and second operand. 

Instructions : ADC, AND, ASL, CMP, DEC, 
EOR, INC, LDA, LDY, LSR, 
ORA, ROL, ROR, SBC, STA 

Example '. Mnemonic Machine code 

ADC $AD12,X 7D 16 12 16 AD 16 



Memory 



A-A + C+ Data 



Opcode (7D 16 ) 



Operandi (12 16 ) 



Operand II (AD 16 ) 



Contents of 
index register X 



+ EE 16 = AE00 1 



Absolute X 
specification 



AE00 16 <- 



Name 
Function 



Instructions 



Example 



' Absolute Y addressing mode 
: Operation is performed on the 
memory which address is spe- 
cified by adding the contents of 
index register Y and value indi- 
cated first and second operand. 
ADC, AND, CMP, EOR, LDA, 
LDX, ORA, SBC, STA 
: Mnemonic Machine code 

ADC $AD12,Y 79 16 12 16 AD 16 



Memory 



Opcode (79 16 ) 



Operandi (12 16 ) 



Operandi! (AD 16 ) 



Contents of 
index register Y 



+ EE 16 = 



AE00 1{ 



Absolute Y 
specification 
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Name : Implied addressing mode 

Function '. Implied addressing mode need 
no operand. 

Instructions : BRK, CLC, CLD, CLI, CLT, 
CLV, DEX, DEY, FST, INX, INY, 
NOP, PHA, PHP, PLA, PLP, 
RTI, RTS, SEC, SED, SEI, SET, 
SLW, STP, TAX, TAY, TSX, 
TXA, TXS, TYA, WIT 

Example '. Mnemonic Machine code 

CLC 18 16 



? 



PS 







Carry flag reset 



Name : Relative addressing mode 

Function i Jumps to address which is pro- 
duced by adding the contents 
of program counter and the 
contents of operand. 

Instructions : BCC, BCS, BEQ, BMI, BNE, 
BPL, BRA, BVC, BVS 

Example ! Mnemonic Machine code 

BCC *-12 90 16 F2 16 



Jumps to * —12 address when Proceed to next address when 

carry flag(c) is cleared. carry flag(c) is set. 



Memory 



Address to be 
executed next 



Opcode (90 16 ) 



Operand (F2 16 ) 



*-1 2 




*+2 



Memory 



Opcode (90 16 ) 



Operand (F2 16 ) 



Address to be 
executed next 



*+2 



2-678 



MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 ADDRESSING MODES 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



Name : Indirect X addressing mode 

Function : Operation is performed on the 
memory at address indicated 
by contents of consecutive 2 
byte memory which first 
address is formed by adding 
operand and contents of index 
register X. 

Instructions : ADC, AND, CMP, EOR, LDA, 
ORA,SBC,STA 

Example : Mnemonic Machine code 

ADC ($1E,X) 61 16 1E 18 



-{ 



A^-A + C+ Data 




Memory 





Data I (00 16 ) 


DataE (14 16 ) 





Opcode (61 16 ) 


Operand (1E 16 ) 




Data 






oo 16 

04 16 
05 16 



1 



- FF 16 



Zero page 



Zero page X 

indirect 

specification 



Contents of 
index register X 

1_ 



E6 16 



1 04 1£ 



Ignored 



Name * Indirect Y addressing mode 

Function I Operation is performed on the 
memory addressed by adding 
the contents of index register Y 
and contents of consecutive 2 
byte zero page memory which 
first address is specified by 
operand. 

Instructions : ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 

Example I Mnemonic Machine code 

ADC ($1E),Y 71 16 1E 16 



In this example, 00 16 as data I and 14 16 as data II have been 
stored beforehand. 



Zero page 

indirect 

specification 



A«-A + C+ Data 



Memory 



Data I (01 16 ) 






DataE (12 16 ) 



Opcode (71 16 ) 



Operand (1E 16 ) 



Data 



00 16 ^ 
1E 



► Zero page 



h 



1201!, 



E6 16 



Contents of 
index register Y 



Absolute Y specification 



12E7 16 



In this example, 00 16 as data I and 12 16 as Data II have been 
stored beforehand. 
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Name 



Function 



Instructions 
Example 



: Indirect absolute addressing 
mode 

' Specifies consecutive 2-byte 
memories by contents of first 
and second operand and jumps 
to address indicated by con- 
tents of these memories. 
JMP 

: Mnemonic Machine code 

JMP ($1400) 6C 16 00 16 14 16 



Indirect 
specification 



Memory 



Opcode (6C 16 ) 



Operandi (00 16 ) 



Operandi! (14 16 ) 



Data I (FF 16 ) 



Datall (1E 16 ) 



Address to be 

executed next 



Jump 




Name 



Function 



Instructions 
Example 



: Zero page indirect absolute 
addressing mode 

', Specifies consecutive 2-byte 
memories in zero page area by 
operand contents and jumps to 
adddress indicated by contents 
of these memories. 

: JMP, JSR 

: Mnemonic Machine code 

JMP ($05) B2 16 05 16 



In this example, FF 16 as data I and 1E 16 as data II have been 
stored beforehand. 



Zero page 

indirect 

specification 



Memory 









Data I (FF 16 ) 




DataE (1E 16 ) 






Opcode (B2 16 ) 


Operand (05 16 ) 










Address to be 

executed next 







oo„ 

05 1 

06 
FF, 



:}■ 



Absolute 
specification 



i Jump 



1EFF 1( 



In this example, FF 16 as data I and 1E 16 as data II have been 
stored beforehand. 
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Name : Special page addressing mode 

Function '> Jumps to address in special 
page area. 8 high-order 
address and 8 low-order 
address of jump distination is 
1 F 16 and contents of operand 
respectively. 

Instruction '- JSR 

Example • Mnemonic 

JSR \$1FE0 



t 

*This symbol 

page mode. 



Machine code 
22 16 E0 16 

denotes special 



Memory 



Note 1 The higher byte address is 1F 16 for M50740A-XXXSP, 

M50740ASP, M50741-XXXSP, M50752-XXXSP, M50757-XXXSP 

and M50758-XXXSP, and is 3F 16 for M50930-XXXFP, M50931- 

XXXFP, M50932-XXXFP, M37410M3-XXXFP and M37410M4- 

^ XXXFP. 




Name 



Function 



Instructions 
Example 



'. Zero page bit addressing 
mode 

: Operation is performed on the 
bit specified by 3 high-order 
bits of opcode, memory 
address containing this bit is 
specified by operand. 

: CLB, SEB 

'. Mnemonic Machine code 

CLB 5,$04 BF 16 04 16 



Memory 



Zero page 
specification 





Bit 5 




M 




■ 


Bit 

specification Opcode 

* * 


1 01 


11111 


Operand (04 16 ) 











oo 1( 



04 16 



FF ie 



I 



Bit 5 



04 1{ 
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Name : Accumulator bit addressing 

mode 
Function : Specifies bit in accumulator by 

3 high-order bits of opcode. 
Instructions : CLB, SEB 
Example '. Mnemonic Machine code 

CLB 5,A BB 16 



Bit 5 



Accumulator 



Memory 



Bit 
specification Opcode 

*_. i 



1 01 



11011 



J 



Bit5 



Accumulator 



Name : Accumulator bit relative ad- 

dressing mode 

Function .' The location of the accumulator 
bit is specified with the 3 high- 
order bits of the opcode and, 
depending on the state of this 
bit, a jump is mode to the 
address indicated by the value 
produced by adding the oper- 
and contents to that of the 
program counter. 

Instructions : BBC, BBS 

Example : Mnemonic Machine code 

BBC 5,A,*-I2 B3 16 F2 16 



When accumulator bit 5 is 
cleared 



When accumulator bit 5 is set 



Bit 5 



Accumulator 



Jump to *— 12 address 
Memory 



Address to be 

executed next 



specification Opcode 



1 01 



1001 1 



Operand (F2 16 ) 



*— 1 2 



*+2 




Jump 



Bit 5 



Accumulator | 



Jump to * +2 address 
Memory 



Bit 

specification Opcode 



1 01 | 1001 1 



Operand (F2 16 ) 



Address to be 

executed nest 



*+2 
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Name 



Function 



Instructions 
Example 



'. Zero page bit relative address- 
ing mode 

: Operation is performed on the 
bit specified by 3 high-order 
bits of opcode, memory 
address containing this bit is 
specified by first operand and, 
depending on the state of this 
special bit, jumps to the 
address indicated by the value 
produced by adding the 
second operand contents to the 
contents of the program 
counter. 

: BBC, BBS 

' Mnemonic Machine code 

BBC5,$04,*-12 B7 16 04 16 F1 16 



Jump to * — 12 address when 
04 16 address bit 5 is cleared. 



Advance to * +3 address when 
04 16 address bit 5 is set. 



Memory 





Bit 5 


I — *" 




J>]_ 


c 
o 




to . 












o 

D. 




Address to be 




executed next 




D) 




CO 




Q. 




O 








<D 




N 


Bit 




specification Opcode 




♦ * 


1 01 


10111 


Operand (04 16 ) 






Operand (F1 16 ) 









00 16 >k 



Memory 



FF 1t 



► Zero page 



Zero page 
specification 



*+3 




Bit 5 


Ml 




'Bit 

specification Opcode 


1 01 


10111 


Operand (04 16 ) 


Operand (F1 16 ) 


Address to be 

executed next 



00 1£ 



04 1e 



FF 1( 



*+3 
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MACHINE INSTRUCTIONS 



Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


#• 


OP 


n 


# 


OP 


n 


# 


ADC 

(Notel) 
(Note 9) 


When T=0 
A— A+M+C 

When T=1 

M(X)— M(X)+M+C 


Adds the carry, accumulator and memory con- 
tents. The results are entered into the accumu- 
lator. 

Adds the contents of the memory in the address in- 
dicated by index register X, the contents of the 
memory specified by the addressing modes in the 
columns on the right, and the contents of the carry. 
The results are entered into the memory at the 
address indicated by index register X. 








69 


2 


2 














65 


3 


2 








AND 

(Notel) 


When T=0 
A—A AM 

When T=1 
M(X)«- M(X) AM 


"AND-s" the accumulator and memory con- 
tents. The results are entered into the accumu- 
lator. 

"AND-s" the contents of the memory of the address 
indicated by index register X and the contents of the 
memory specified by the addressing modes in the 
columns on the right The results are entered into the 
memory at the address indicated by index register X. 








29 


2 


2 














25 


3 


2 








ASL 


7 Q 


1-bit shifts the contents of accumulator or con- 
tents of memory to the left. "0" enters Oth bit of 
memory or accumulator and the contents of the 
7th bit enter carry flag. 














OA 


2 


1 








06 


5 


2 








C - 1 1-0 




BBC 

(Note 4) 


Ab or Mb=0? 


Branches when the contents of the bit specified 
in the accumulator or memory are "0". 




















V 3 

2i 


4 


2 








V 7 

2i 


5. 


3 


BBS 
(Note 4) 


Ab or Mb=1? 


Branches when the contents of the bit specified 
in the accumulator or memory are "1". 




















+ 3 
2i 


4 


2 








°7 

2i 


5 


3 


BCC 

(Note 4) 


C=0? 


Branches when the contents of carry flag are 
"0". 






































BCS 

(Note 4) 


C=1? 


Branches when the contents of carry flag are 






































BEQ 

(Note 4) 


Z=1? 


Branches when the contents of zero flag are 






































BIT 


AAM 


"AND-s" the contents of accumulator and mem- 
ory. The results are not entered anywhere. 


























24 


3 


2 








BMI 

(Note 4) 


N=1? 


Branches when the contents of negative flag 
are "1 ". 






































BNE 

(Note 4) 


Z=0? 


Branches when the contents of zero flag are 
"0". 






































BPL 

(Note 4) 


N=0? 


Branches when the contents of negative flag 
are "0". 






































BRA 


PC— PC±offset 


Jumps to address where offset has been added 
to the program counter. 






































BRK 


B-1 

M(S)— PC H 
S— S-1 
M(S)— PC L 
S— S-1 
M(S)— PS 
S— S— 1 
PC L — AD L 
PCh^ADh 


Executes software interrupt. 


00 


7 


1 
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Addressing mode 


Processor status register 


ZP.X 


ZP.Y 


ABS 


ABS.X 


ABS.Y 


IND 


ZP.IND 


IND.X 


IND.Y 


REL 


SP 


7 


6 


5 


4 


3 


2 


1 





OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


N 


V 


T 


B 


D 


1 


Z 


c 


75 


4 


2 








6D 


4 


3 


7D 


5 


3 


79 


5 


3 














61 


6 


2 


71 


6 


2 














N 


V 










Z 


c 


35 


4 


2 








2D 


4 


3 


3D 


5 


3 


39 


5 


3 














21 


6 


2 


31 


6 


2 














N 












z 




16 


6 


2 








OE 


6 


3 


1E 


7 


3 












































N 












z 


c 




























































































































































































































90 


2 


2 














































































BO 


2 


2 














































































FO 


2 


2 




































2C 


4 


3 


















































M 7 


M 6 










z 


























































30 


2 


2 














































































DO 


2 


2 














































































10 


2 


2 














































































80 


4 


2 
































































































1 




1 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


BVC 

(Note 4) 


V=0? 


Branches when the contents of overflow flag 
are "0." 






































BVS 

(Note 4) 


V=1? 


Branches when the contents of overflow flag 
are "1 ." 






































CLB 


Ab or Mb*— 


Clears the contents of the bit specified in the 
accumulator or memory to "0." 




















2i 


2 


1 








2i 


5 


2 


CLC 


C— 


Clears the contents of the carry flag to "0." 


18 


2 


1 
































CLD 


D«-0 


Clears the contents of decimal mode flag to 
"0." 


D8 


2 


1 
































CLI 


1—0 


Clears the contents of interrupt disable flag to 
"0." 


58 


2 


1 
































CLT 


T-0 


Clears the contents of X-modified arithmetic 
mode flag to "0." 


12 


2 


1 
































CLV 


V— 


Clears the contents overflow flag to "0." 


B8 


2 


1. 
































CMP 

(Note 3) 


When T=0 
A-M 
When T=1 
M(X)— M 


Compares the contents of accumulator and 
memory. 

Compares the contents of the memory speci- 
fied by addressing modes in the columns on 
the right with the contents of the address indi- 
cated by index register X. 








C9 


2 


2 














C5 


3 


2 








COM 


M*-M 


Formes one's complement of contents of mem- 
ory, and store it into memory. 


























44 


5 


2 








CPX 


X — M 


Compares the contents of index register X and 
memory. 








EO 


2 


2 














E4 


3 


2 








CPY 


Y— M 


Compares the contents of index register Y and 
memory. 








CO 


2 


2 














C4 


3 


2 








DEC 


A«-A— 1 or 
M«-M — 1 


Decrements the contents of accumulator or 
memory by 1. 














1A 


2 


1 








C6 


5 


2 








DEX 


X«-X — 1 


Decrements the contents of index register X by 
1. 


CA 


2 


1 
































DEY 


Y«-Y— 1 


Decrements the contents of index register Y by 

1. 


88 


2 


1 
































DIV 

(Note 8) 


A— (M(zz+X+1 ), 
M (zz+X) ) /A 
M (S) +- 1's comple- 
ment of Remainder 
S«-S— 1 


Divides by accumulator the 16-bit data that is 
the contents of M(zz + x + 1)for high byte and 
the contents of the next address memory for 
low byte, and stores the quotient in the accu- 
mulator and the remainder on the stack as 1's 
complement. 






































EOR 

(NoteD 


When T=0 
A— AVM 

When T=l 

M(X)^M(X)VM 


"Exclusive-ORs" the contents of accumulator 
and memory. The results are stored into the 
accumulator. 

"Exclusive-ORs" the contents of the memory 
specified by the addressing modes in the col- 
umns on the right and the contents of the mem- 
ory at the address indicated by index register 
X. The results are stored into the memory at the 
address indicated by index register X. 








49 


2 


2 














45l 


3 


2 








FST 

(Note 5) 




Connects oscillator output to X utf- 


E2 


2 


1 
































INC 


A— A+1 or 
M^-M+1 


Increments the contents of accumulator or 
memory by 1 . 














3A 


2 


1 








E6 


5 


2 








INX 


X— X+1 


Increments the contents of index register X by 
1. 


E8 


2 


1 
































INY 


Y— Y+l 


Increments the contents of index register Y by 
1. 


C8 


2 


■1 

































2-686 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 



SERIES MELPS 740 MACHINE INSTRUCTIONS 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



Addressing mode 


Processor status register 


ZP.X 


ZP.Y 


ABS 


ABS.X 


ABS.Y 


IND 


ZP.IND 


IND.X 


IND.Y 


REL 


SP 


7 


6 


5 


4 


3 


2 


1 





OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


N 


V 


T 


B 


D 


1 


z 


c 
























































50 


2 


2 












• 






• 




























































70 


2 


2 












• 






• 












































































• 






• 












































































• 






• 












































































• 






• 












































































• 


























































































• 













































































• 






• 






D5 


4 


2 








CD 


4 


3 


DD 


5 


3 


D9 


5 


3 














C1 


6 


2 


D1 


6 


2 














N 












z 


c 




































































N 












z 


• 














EC 


4 


3 


















































N 












z 


c 














CC 


4 


3 


















































N 












z 


c 


D^ 


6 


2 








CE 


6 


3 


DE 


7 


3 












































N 












z 


• 




































































N 












z 


• 




































































N 












z 


" 


E2 


16 


2 














































































55 


4 


2 








4D 


4 


3 


5D 


5 


3 


59 


5 


3 














41 


6 


2 


51 


6 


2 














N 












z 






















































































F6 


6 


2 








EE 


6 


3 


FE 


7 


3 












































N 












z 


• 




































































N 












z 


• 




































































N 












z 


• 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OPj 


n 


# 


JMP 


If addressing mode is ABS 
PCl/-AD l 
PCh^ADh 
If addressing mode is IND 
PCMADh, AD l ) 
PC H — (AD H , AD L +1) 
If addressing mode is ZP, IND 
PC L — (00, AD L ) 
PC H «- (00, AD L +1) 


Jumps to new address. 






































JSR 


M(S)^-PC H 
S«-S— 1 
M(S)«-PC L 
S«-S— 1 

After executing the above, 

if addressing mode is ABS, 

PC L *-AD L 

PCh-ADh 

If addressing mode is SP, 

PCl^-AD l 

PCh-FF 

If addressing mode is ZP, IND, 

PC L ^(00, AD L ) 

PC H — .(00, AD L +1) 


After storing contents of program counter in 
stack, and jumps to new address. 






































LDA 

(Note 2) 


When T=0 
A^-M 
When T=1 
M(X)*-M 


Load accumulator with contents of memory. 

Load memory indicated by index register X with 
contents of memory specified by addressing 
mode shown in right column. 








A9 


2 


2 














A5 


3 


2 








LDM 


M*-IMM 


Load memory with immediate value. 


























3C 


4 


3 








LDX 


X^M 


Load index register X with contents of memory. 








A2 


2 


2 














A6 


3 


2 








LDY 


Y«-M 


Load index register Y with contents of memory. 








AO 


2 


2 














A4 


3 


2 








LSR 


7 

o->l i->c 


Shift the contents of accumulator or memory to 
the right by one bit. 

Oth bit of accumulator or memory is stored in 
carry, 7th bit is cleared. 














4A 


2 


1 








46 


5 


2 








MUL 

(Note 8) 


M(S)-A-AXM(zz+X) 
S*-S- 1 


Multiplies accumulator with the memory speci- 
fied by the zero page X addrressing mode and 
stores the high byte of the result on the stack 
and the low byte in the accumulator. 






































NOP 


PC*-PC+1 


No operation. 


EA 


2 


1 
































ORA 

(Note!) 


When T=0 
A«-AVM 

When T=1 
M(X)^M(X)VM 


Produce the logical OR of the contents of mem- 
ory and accumulator. The result is stored in 
accumulator. 

produce the logical OR of contents of memory 
indicated by index register X and contents of 
memory specified by addressing mode shown 
in right column. The result is stored in memory 
of address specified by index register X. 








09 


2 


2 














05 


3 


2 
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Addressing mode 


Processor status register 


ZP.X 


ZP.Y 


ABS 


ABS.X 


ABS.Y 


IND 


ZP.IND 


IND.X 


IND.Y 


REL 


SP 


7 


6 


5 


4 


3 


2 


1 





OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


#' 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


N 


V 


T 


B 


D 


1 


Z 


c 














4C 


3 


3 














6C 


5 


3 


B2 


4 


2 






















































20 


6 


3 




















02 


7 


2 




















22 


5 


2 


















B5 


4 


2 








AD 


4 


3 


BD 


5 


3 


B9 


5 


3 














A1 


6 


2 


B1 


6 


2 














N 












Z 




























































































B6 


4 


2 


AE 


4 


3 








BE 


5 


3 






































N 












z 


• 


B4 


4 


2 








AC 


4 


3 


BC 


5 


3 












































N 












z 


• 


56 


6 


2 








4E 


6 


3 


5E 


7, 


3 

























































z 


c 


62 


15 


2 
































































































































































15 


4 


2 








OD 


4 


3 


1D 


5 


3 


19 


5 


3 














"oT 


6 


2 


11 


6 


2 














N 












z 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


PHA 


M (S) —A 

s«-s— 1 


Saves the contents of the accumulator in the memory 
at the address indicated by the stack pointer and 
decrements the contents of stack pointer by 1 . 


48 


3 


1 
































PHP 


M (S) ^-PS 

S— s-i 


Saves the contents of processor status register 
in the memory at the address indicated by the 
stack pointer and decrements the contents of 
stack pointer by 1 . 


08 


3 


1 
































PLA 


s*-s+i 

A*-M(S) 


Increments the contents of stack pointer by 1 and 
pulls from the memory at the address indicated by 
the stack pointer, and store it in accumulator. 


68 


4 


1 
































PLP 


S— S+1 
PS«-M(S) 


Increments the contents of stack pointer by 1 
and pulls from the memory at the address indi- 
cated by the stack pointer, and store it in pro- 
cessor status register. 


28 


4 


1 
































ROL 


7 

r- CZ1*- [c]*-] 


Connects the carry flag and the accumulator or 
memory and rotates the contents to the left by 1 
bit. 














2A 


2 


1 








26 


5 


2 








ROR 


7 


Connects the carry flag and the accumulator or 
memory and rotates the contents to the right by 
1 bit. 














6A 


2 


1 








66 


5 


2 








RRF 


7 


Rotates the contents of memory to the right by 4 
bits. 


























82 


8 


2 








RTI 


S— S+1 
PS*-M(S) 
S— S+1 
PC L *-M(S) 
S— S+1 
PC H «-M(S) 


Returns from the interrupt routine to the main 
routine. 


40 


6 


1 
































RTS 


S— S+1 
PC L — M (S) 
S— S+1 
PCh^M(S) 


Returns from the subroutine to the main routine. 


60 


6 


1 
































SBC 

(NoteD 
(Note 9) 


When T=0 
A— A— M— C 

When T=l 

M(X)— M(X)— M — C 


Subtracts the contents of memory and carry flag 
from the contents of accumulator. The results 
are stored into the accumulator. 
Subtracts contents of carry flag and contents of 
the memory indicated by the addressing modes 
shown in the columns on the right from the 
memory at the address indicated by index reg- 
ister X. The results are stored into the memory 
of the address indicated by index register X. 








E9 


2 


2 














E5 


3 


2 








SEB 


Ab or M D *-1 


Sets the specified bit contents of accumulator 
or memory to "1 ." 




















OJB 
2i 


2 


1 








° + F 
2i 


5 


2 


SEC 


C— 1 


Sets the contents of carry flag to "1 ." 


38 


2 


1 
































SED 


D— 1 


Sets the contents of decimal mode flag to "1." 


F8 


2 


1 
































SEI 


1^1 


Sets the contents of interrupt disable flag to 
"1 ." 


78 


2 


1 
































SET 


T— 1 


Sets the contents of X-modified arithmetic 
mode flag to "1." 


32 


2 


1 
































SLW 

(Note 5) 




Releases the connection between the oscillator 
output and pin Xqutf- 


C2 


2 


1 
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Addressing mode 


Processor status register 


ZP.X 


ZP.Y 


ABS 


ABS.X 


ABS.Y 


IND 


ZP.IND 


IND.X 


IND.Y 


REL 


SP 


7 


6 


5 


4 


3 


2 


1 





OP 


n 


# 


OP 


n 


# 


OP 


n 


#. 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


N 


V 


T 


B 


D 


1 


Z 


c 








































































































































































































































N 












z 








































































(Value saved in stack) 




36 


6 


2 








2E 


6 


3 


3E 


7 


3 












































N 












z 


c 


76 


6 


2 








6E 


6 


3 


7E 


7. 


3 












































N 












z 


c 
























































































































































(Vc 


lue 


sav 


$d ir 


1 Stc 


ck) 






















































































F5 


4 


2 








ED 


4 


3 


FD 


5 


3 


F9 


5 


3 














E1 


6 


2 


F1 


6 


2 














N 


V 










z 


c 




































































































































































1 








































































• 




1 


• 




• 








































































• 




• 


1 




• 








































































1 




• 


• 




• 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


ST A 


M«-A 


Stores the contents of accumulator in the 
memory. 


























85 


4 


2 








STP 

(Note 7) 




Stops the oscillation of the oscillator. 


42 


2 


1 
































STX 


M— X 


Stores the contents of index register X in the 
memory. 


























86 


4 


2 








STY 


M<-Y 


Stores the contents of index register Y in the 
memory. 


























84 


4 


2 








TAX 


X— A 


Transfers the contents of accumulator to index 
register X. 


AA 


2 


1 
































TAY 


Y«-A. 


Transfers the contents of accumulator to index 
register Y. 


A8 


2 


1 
































TST 


M=0? 


Tests whether the contents of memory are "0" 
or not. 


























64 


3 


2 








TSX 


X^S 


Transfers the contents of stack pointer to index 
register X. 


BA 


2 


1 
































TXA 


A*-X 


Transfers the contents of index register X to the 
accumulator. 


8A 


2 


1 
































TXS 


S— X 


Transfers the contents of index register X to the 
stack pointer. 


9A 


2 


1 
































TYA 


A«-Y 


Transfers the contents of index register Y to the 
accumulator. 


98 


2 


1 
































WIT 

(Note 6) 




Stops the internal clock. 


C2 


2 


1 

































Note 1 : The number of cycles "n" is added by 3 when T is 1. 

2 '. The number of cycles "n" is added by 2 when T is 1. 

3 '. The number of cycles "n" is added by 1 when T is 1 . 

4 : The number of cycles "n" is added by 2 when branching has occurred. 

5 : This instruction is not for any other models than M50740A-XXXSP, M50740ASP, M50741-XXXSP, M50752-XXXSP, M50757-XXXSP and 

M50758-XXXSP. 

6 : This instruction is not provided for M50740A-XXXSP, M50740ASP, M50741-XXXSP, M50752-XXXSP, M50757-XXXSP, and M50758-XXXSP. 

7 : This instruction is not provided for M50752-XXXSP, M50757-XXXSP and M50758-XXXSP. 

8 : this instruction is not for any other models than M37450M2-XXXSP, M37450M4-XXXSP, M37450M8-XXXSP, M37450S1SP, M37450S2SP and 

M37450S4SP. 

9 : N, V and Z flags are invalid at decimal operation mode. 
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Addressing mode 


Processor status register 


ZP.X 


ZP.Y 


ABS 


ABS.X 


ABS.Y 


IND 


ZP.IND 


IND.X 


IND.Y 


REL 


SP 


7 


6 


5 


4 


3 


2 


1 





OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


N 


V 


T 


B 


D 


I 


Z 


c 


95 


5 


2 








8D 


5 


3 


9D 


6 


3 


99 


6 


3 














81 


7 


2 


91 


7 


2 






















































































































96 


5 


2 


8E 


5 


3 


































































94 


5. 


2 








8C 


5 


3 




































































































































N 












Z 


• 




































































N 












z 


• 




































































N 












z 


• 




































































N 












z 


• 




































































N 












z 


• 






















































































































































N 












z 


• 





















































































Symbol 


Contents 


Symbol 


Contents 


IMP 


Implied addressing mode 


+ 


Addition 


IMM 


Immediate addressing mode 


— 


Subtraction 


A 


Accumulator or Accumulator addressing mode 


A 


Logical OR 






V 


Logical AND 


BIT, A 


Accumulator bit relative addressing mode 


V 


Logical exclusive OR 






— 


Negation 


ZP 


Zero page addressing mode 


— 


Shows direction of data flow 


BIT, ZP 


Zero page bit relative addressing mode 


X 


Index register X 






Y 


Index register Y 


ZP, X 


Zero page X addressing mode 


S 


Stack pointer 


ZP, Y 


Zero page Y addressing mode 


PC 


Program counter 


ABS 


Absolute addressing mode 


PS 


Processor status register 


ABS, X 


Absolute X addressing mode 


PC H 


8 high-order bits of program counter 


ABS, Y 


Absolute Y addressing mode 


PC L 


8 low-order bits of program counter 


IND 


Indirect absolute addressing mode 


AD H 


8 high-order bits of address 






AD L 


8 low-order bits of address 


ZP, IND 


Zero page indirect absolute addressing mode 


(AD H , AD l ) 


Contents of memory at address indicated by AD H and 
AD L , in AD H is 8 high-order bits and AD L is 8 low- 


IND, X 


Indirect X addressing mode 




order bits. 


IND, Y 


Indirect Y addressing mode 


(00, AD L ) 


Contents of address indicated by zero page AD L 


REL 


Relative addressing mode 


FF 


FF in Hexadecimal notation 


SP 


Special page addressing mode 


M 


Memory specified by address designation of any 


C 


Carry flag 




addressing mode / 


Z 


Zero flag 


M (X) 


Memory of address indicated by contents of index 


1 


Interrupt disable flag 




register X 


D 


Decimal mode flag 


M (S). 


Memory of address indicated by contents of stack 


B 


Break flag 




pointer 


T 


X-modified arithmetic mode flag 


Ab 


1 bit of accumulator 


V 


Overflow flag 


M b 


1 bit of memory 


N 


Negative flag 


OP 


Opcode 






n 


Number of cycles 






# 


Number of bytes 



MITSUBISHI 
.ELECTRIC 



2-693 



MITSUBISHI MICROCOMPUTERS 



SERIES MELPS 740 LIST OF 
INSTRUCTION CODES 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



LIST OF INSTRUCTION CODES 



^\^\. D 3 ~D 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


\Hexadecimal 
D 7 ~D 4 \. notation 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


0000 





BRK 


ORA 
IND, X 


JSR 
ZP, IND 


BBS 
0, A 


- 


ORA 
ZP 


ASL 
ZP 


BBS 
0, ZP 


PHP 


ORA 

IMM 


ASL 
A 


SEB 
0, A 


- 


ORA 


ASL 
ABS 


SEB 
0, ZP 


0001 


1 


BPL 


ORA 
IND, Y 


CLT 


BBC 
0,A 


- 


ORA 
ZP.X 


ASL 
ZP, X 


BBC 
0, ZP 


CLC 


ORA 
ABS/Y 


DEC 
A 


CLB 
0, A 


- 


ABS X 


ASL 
ABS.X 


CLB 
0, ZP 


0010 


2 


JSR 
ABS 


AND 
IND, X 


JSR 
SP 


BBS 
1, A 


BIT 
ZP 


AND 
ZP 


ROL 
ZP 


BBS 
T,ZP 


PLP 


AND 
IMM 


ROL 
A 


SEB 
1,'A 


BIT 
ABS 


AND 
ABS 


ROL 
ABS 


SEB 
1.ZP 


0011 


3 


BMI 


AND 
IND.Y 


SET 


BBC 
1, A 


- 


AND 
ZP,X 


ROL 
ZP, X 


BBC 
1,ZP 


SEC 


AND 
ABS, Y 


INC 
A 


CLB 
1, A 


LDM 
ZP 


AND 
ABS, X 


ROL 
ABS.X 


CLB 

1, ZP 


0100 


4 


RTI 


EOR 
IND, X 


STP 

(Note4) 


BBS 
2, A 


COM 
ZP 


EOR 
ZP 


LSR 
ZP 


BBS 
2, ZP 


PHA 


EOR 
IMM 


LSR 
A 


SEB 
2, A 


JMP 
ABS 


EOR 

ABS 


LSR 
ABS 


SEB 
2.ZP 


0101 


i 
5 


BVC 


EOR 
IND, Y 


- 


BBC 
2, A 


- 


EOR 
ZP, X 


LSR 
ZP, X 


BBC 
2,ZP 


CLI 


EOR 
ABS, Y 


- 


CLB 

2, A 


- 


EOR 
ABS, X 


LSR 
ABS.X 


CLB 
2, ZP 


0110 


6 


RTS 


ADC 
IND.X 


MUL 

(Note3) 


BBS 
3, A 


TST 
ZP 


ADC 
ZP 


ROR 
ZP 


BBS 

;: r 3;- : zl; 


PLA 


ADC 
IMM 


ROR 
A 


SEB 
3, A 


JMP 
IND 


ADC 


ROR 

ABS 


SEB 
3, ZP 


0111 


7 


BVS 


ADC 
IND, Y 


- 


BBC 
3, A 


- 


ADC 
ZP, X 


ROR 
ZP, X 


BBC 
3,ZP 


SEI 


ADC 
ABS, Y 


- 


CLB 
3, A 


- 


ADC 
ABS.X 


ROR' 
ABS, X 


CLB 
3, ZP 


1000 


8 


BRA 


STA 
IND.X 


RRF 
2P 


BBS 

4, A 


STY 
ZP 


STA 
ZP 


STX 
ZP 


BBS 
4,ZP 


DEY 


- 


TXA 


SEB 
4, A 


STY 
ABS 


STA 
ABS 


■nSTXK; 

ABS 


SEB 

4, ZP 


1001 


9 


BCC 


STA 
IND, Y 


- 


BBC 
4, A 


STY 
ZP, X 


STA 
ZP, X 


STX 

ZP, Y 


BBC 
4.ZP 


TYA 


STA 
ABS. Y 


TXS 


CLB 
4, A 


- 


. : -STA;in 
ABS.X 


- 


CLB 
4 ZP 


1010 


A 


LDY 
IMM 


LDA 
IND.X 


LDX 
IMM 


BBS 
5, A 


LDY 
ZP 


LDA 
ZP 


LDX 
ZP 


BBS] 

5, ZP 


TAY 


LDA 

IMM 


TAX 


SEB 
5, A 


LDY 
ABS 


LDA 
ABS 


S;: LDX ■■;■■■ 
ABS 


SEB 
5, ZP 


1011 


B 


BCS 


LDA 
IND.Y 


JMP 
ZP, IND 


BBC 
5, A 


LDY n 
ZP, X 


LDA 
ZP.X 


LDX 
ZP, Y 


BBC 
5, ZP 


CLV 


LDA 
ABS, Y 


TSX 


CLB 

5, A 


LDY 
ABS.X 


LDA 
ABS, X 


LDX 
ABS, Y 


CLB 
5,ZP 


1100 


C 


CPY 

IMM 


CMP 
IND, X 


SLW^ 
(Notel) 
/WIT 


BBS 
6, A 


CPY 
ZP 


CMP 
ZP 


DEC 
ZP 


6, ZP 


INY 


CMP 
IMM 


DEX 


SEB 
6, A 


CPY 
ABS 


CMP 
ABS 


DEC 

I ABS 


6, ZP 


1101 


D 


BNE 


CMP 
IND, Y 


- 


BBC 
6, A 


- 


CMP 
ZP,X 


DEC 
ZP, X 


BBC 
6, ZP 


CLD 


ABS, Y 


- 


CLB 
6, A 


- 


CMP 
ABS, X 


DEC 
ABS.X 


CLB 
6,ZP 


1110 


E 


CPX 

IMM 


SBC 
IND, X 


fst/ 

(Note2) 
/ DIV 


BBS 
7, A 


CPX 

ZP 


SBC 
ZP 


FST 

(Note2) 
DIV 


fBBSft 
7,ZP 


INX 


SBC 
IMM 


NOP 


SEB 
7, A 


CPX 
ABS 


SBC 
ABS 


INC 
ABS 


ISEBl 
7.ZP 


1111 


F 


BEQ 


SBC 
IND, Y 


- 


BBC 
7, A 


- 


SBC 
ZP, X 


INC 
ZP,X 


BBC 

7, ZP 


SED 


SBC 
ABS, Y 


- 


CLB 
7, A 


- 


SBC 
ABS,X 


INC 
ABS, X 


CLB 

7.ZP 



Note 3 



Instruction 



WIT 



type 



M50740A-XXXSP, M50740ASP, M50741-XXXSP, 
M50752-XXXSP, M50757-XXXSP, M50758-XXXSP 



other types 



Note 2 



Instruction 


type 


. MUL 


M37450M2-XXXSP, M37450M4-XXXXSP, M37450M8-XXXSP, 
M37450S1SP,. M37450S2SP, M37450S4SP 





other types 



Instruction 


type 


FST 


M50740A-XXXSP, M50740ASP, M50741-XXXSP, 
M50752-XXXSP, M50757-XXXSP, M50758-XXXSP 


DIV 


M37450M2-XXXSP, M37450M4-XXXXSP, M37450M8-XXXSP, 
M37450S1SP, M37450S2SP, M37450S4SP 





other types 



Note 4 

This instruction is not provided for M50752-XXXSP, M50757-XXXSP 

and M50758-XXXSP. 

| | 3-byte instruction 
[~~| 2-byte instruction 
J [ 1-byte instruction 



2-694 
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MITSUBISHI MICROCOMPUTERS 

M50744T-XXXSP 



EXTENDED OPERATING TEMPERATURE VERSION of M50744-XXXSP 



DESCRIPTION 

The M50744T-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for business equipment and other con- 
sumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50744T-XXXSP and the 
M50744-XXXSP are some electrical characteristics depend 
on the expansion of operating temperature range. Other 
functions are explained in the M50744-XXXSP's section in 
detail. 

FEATURES 

© Number of basic instructions 69 

© Memory size ROM 4096 bytes 

RAM • 144bytes 

© Instruction execution time 

2//s (minimum instructions at 4MHz frequency) 

• Single power supply f(X, N )=4MHz 5V±10% 

© Power dissipation 

normal operation mode (at 4MHz frequency) ••••15mW 

© Operating temperature range — 40~85°C 

© Subroutine nesting 72 levels (Max.) 

© Interrupt 6 types, 5 vecters 

© 8-bit timer 3 

© Programmable I/O (Ports P0, P1, P2, P3, P4) 40 

o Input ports (Port P5) 8 

© Output ports (Port . P6) • 4 

© A-D converter 8-bit successive approximation 

© D-A converter 

© 8-bit PWM function 

© Watchdog timer 



PIN 


CONFIGURATION 


(TOP VIEW) 




V cc K 






64]— P2 


Reference AV SS \L 






m — P2, 




voltage input v REF -*■ [7 






m— P2 2 




D-A output p_ A+ _rj 






1D-P23 




pwm output PWM+ _rj 






60] — P2 4 


I/O port P2 




P6 3 — E 






U— P2 5 




Output 
port P6 


P6, — H 

P6 *-E 
P4 7 /AN 7 ^0o 
P4 6 /AN 6 — [T7 






H~P2 6 
U— P2 7 
U— P0 

54]"~P0 2 




I/O 
port P4 


P4 5 /AN 5 ~[T2 

P4 4 /AN 4 *-[JI 

P4 3 ~[J4 


CJl 




H — po 3 

52]— P0 4 
ID-PO5 


I/O port P0 




P4 2 — m 







U~po 6 






P4, ^m 
p4o-[n 


H 
X 




49]— P0 7 

H — pi 






P3 7 -^Qs 

p3 B -«-ni 


X 
X 

in 




47] — P1 n 

H — pi 2 




I/O 


P3 5 ~H 
P3 4 **Hl 


"U 




U — P13 
44] — P1 4 


I/O port P1 


port P3 


P3 3 /CNTR^[1 

P3 2 /lN7^ ** H 

P3, **|24 

P3 ~[I 






1 — P1 5 

!~P1 6 
43 — P1 7 

H — P5o 




Interrupt input INTt — *• [26 






1 *- P5, 




CNV SS |27 






H«-P5 2 




Reset input RESET -* [28 
Clock input x IM — » [29 






m— P5 3 

U +- P5 4 /ED 4 


Input port P5 


Clock output Xout"-[I2 






H — P5 5 /ED 5 




Timing output <£-— [57 






U «- P5 6 /ED 6 




V ss & 






33] *- P5 7 /ED 7 






Ou 


tllne 64P4 


B 



APPLICATION 

Office automation equipment 

Automobile (Audio visual system, Instruction panel system, 
Air conditioner system) 
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M50744T-XXXSP BLOCK DIAGRAM 



r 



Clock input Clock output Timing output 

X|N Xout 
_. -@--- ® (31> 



Interrupt input Reset input 

IN7Y 



RESET 




~l 



Clock generating circuit 



Watchdog timer 



<~V 



i-> 



Processor 
status 
register 
PS(8) 



<~V 



±± 



8-bit 

arithemetic 

and logical 

unit 



<T 



Accumulator 
A(8) 



^T 



X> 






iZ 



/- 



Program 


Program 


counter 


counter 


PC H (8) 


PCJ8) 



iz 



Stack pointer 
S(8) 



RAM 
144 bytes 



Index 

register 

X(8) 



<Jl 



"T 



iz: 



Index 
register Y(8) 



ROM 
4096 bytes 



V 



XZ1 



~^l£ 



JT 



j^. 



x 



Prescaler 
PRE 12(8) 



^ 



Timer 1 
T1(8) 



L£ 



Timer 1 
T2(8) 



^ ,ys\ . J-^S 



<*> 



Instruction 
register (8) 



Instruction 
decoder 





Prescaler 




Timer X 
TX(8) 


PREX(8) 








CNTR 



Control signal 




port P6 PWM D_A Vref AVss ' nPUt P ° rt P5 



I/O port P0 



m 
x 

H 

m 

z 
o 
m 

o 

o 

m 
so 

> 

H 

Z 
O 

H 

m 

3 

m 

> 

H 
C 

m 

< 
m 

en 



a 

s 

en 
o 
^j 
it 

■ 

X 
X 
X 

(/> 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

With the output transistor cut-off 


-a 3~ 7 


V 


V, 


Input voltage X| N 


—0.3—7 


V 


v. 


Input voltage P2 ~P2 7) P4 4 ~P4 7 


-0. 3~Vcc+0. 3 


V 


V « 


Input voltage P0 ~P0 7l P1 ~P17, P3 ~P3 7 , P4 ~P4 3 , 
P5 ~P5 7l INL 


-0.3-13 


V 


v, 


Input voltage CNVss, RESET 


-0.3-13 


V 


Vo 


Output voltage P2 ~P2 7 , P4 4 ~P4 7l X ut, <f>, D-A 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage P0 o ~P0 7 , P1 ~P1 7 , P3 ~P3 7| P4 ~P4 3 , 
P6 ~P6 3 , PWM 


-0.3— 13 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


T opr 


Operating temperature 




—40—85 


°C 


Tstg 


Storage temperature 




—65—150 


°C 



Note 1 : 300mW for QFP types 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±10%, T a =-40~85°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V S s 


Supply voltage 









V 


Vref 


Reference voltage 


4 




Vcc 


V 


V, H 


"H" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5o~P5 7 , 
INTl RESET, X| Nl CNVss 


0. 8V CC 




Vcc 


V 


V 1L 


"L" input voltage P0 ~P0 7 , P1 ~P1 7l P2 ~P2 7l 
P3 ~P3 7 , P4 ~P4 7l P5 ~P5 7l 
INT^, CNVss 







0. 2V CC 


V 


V 1L 


"L" input voltage RESET 







0. 12V CC 


V 


V IL 


"L" input voltage X| N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P1 7 , 
P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7> PWM (Note 2) 






10 


mA 


'oL(peak) 


"L" peak output current P6 ~P6 3 (Note 2 ) 






15 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1 ~P1 7 , 
P2o~P2 7 , P3 ~P3 7 , 
P4 ~P4 7 , PWM (Notel ) 






5 


mA 


•oL(avq) 


"L" average output current P6 ~P6 3 (Note 1 ) 






7 


mA 


'oH(peak) 


"H" peak output current P2 ~P2 7 (Note 2 ) 






-10 


mA 


'oH(avq) 


"H" average output current P2 ~P2 7 (Note 1 ) 






-5 


mA 


f(x IN ) 


Internal clock oscillator frequency 






4 


MHz 



Note 1 : The average output currents louavg) and loH(avg) a 1 "© tn e average value of a period of 100ms. 

2 : Do not allow the combined low- level output current of ports PO, P1, P2, P3, P4, P6, and PWM to 

exceed 80mA. ' 

Do not allow the combined high- level output current of port P2 to exceed 50mA. 

3 : "H" input voltage of ports' P0, P1, P3, P4 ~P4 3 , P5 and INT, is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (V CC =5V, V ss =0V, T a =-40~85 o C, f( X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


Voh 


"H" output voltage P2 ~P2 7 


l O H=-10mA 


3 






V 


Voh 


"H" output voltage <f> 


Ioh =— -2.5mA 


3 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 

P3 ~P3 7 , P4 ~P4 7> P6 ~P6 3 , PWM 


l OL =10mA 






2 


V 


Vol 


"L" output voltage $ 


loL = 5mA 






2 


V 


V T +-V T _ 


Hysteresis INT^ 




0.3 




1 


V 


V t +-V t - 


Hysteresis P32 


When used as INT 2 input 


0.3 




1 


V 


V t +-V t _ 


Hysteresis P3 3 


When used as CNTR input 


0.5 


1 




V 


V T +-V T - 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T - 


Hysteresis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P0 ~P0 7l P1 ~P17. P2 ~P2 7 , 
P3 ~P3 7l P4 -P4 7> P5 ~P5 7l 
P6 ~P6 3 , PWM 


V,=0V 






-5 


juA 


I.L 


"L" input current INT], RESET. X IN 


V,=0V 






-5 


y"A 


Iih 


"H" input current P0 ~P0 7 , P1 ~P17. P3 ~P3 7 , 

P4 ~P4 3 , P5 ~P5 7l P6o~P6 3l PWM 


V,=12V 






12 


/uA 


Iih 


"H" input current INTi, RESET, X m , P2 ~P2 7 , 
P4 4 ~P4 7 


V,=5V 






5 


juA 


Vram 


RAM retention voltage 


When clock disabled 


2 






V 


'cc 


Supply current 


<f>, Xout. and D-A pins 
opened, other pins at 
Vssi and A-D conver- 
ter in the finished 
condition. 


f(x IN )=4MHz 
Square wave 




3 


6 


mA 


At clock stop 
T a =25°C 






1 


juA 


At clock stop 
T a =85°C 






20 


juA 



A-D CONVERTER CHARACTERISTICS (V C c=5V, V ss =0V, T a =-40~85°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref = Vcc 






8 


Bits 


— 


Absolute precision 


Vref=Vcc. with the output transistor cut-off 






±3 


LSB 


Rladder 


Ladder resistance 


Vref == Vcc 


2 




12 


kn 


tcONV 


Conversion time 








50 


/us 


Vref 


Reference voltage 




2 




Vcc 


V 


V,a 


Analog input voltage 




. 




V REF 


V 



D-A CONVERTER CHARACTERISTICS (V C c=5V, V ss =0V, T a =-40~85°C, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref=V C c 






5 


Bits 


- 


Error in full scale range 


Vref = Vcc. with the output transistor cut-off 






±1 


% 


tsu 


Setup time 


Vref = Vcc 






3 


us 


. Ro 


Output resistance 


Vref = Vcc 






4 


kn 


v REF 


Reference voltage 




4 




Vcc 


V 
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EXTENDED OPERATING TEMPERATURE VERSION of M50747-XXXSP 



DESCRIPTION 

The M50747T-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for business equipment and other con- 
sumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The- differences between the M50747T-XXXSP and the 
M50747-XXXSP are some electrical characteristics depend 
on the expansion of operating temperature range. Other 
functions are explained in the M50747-XXXSP's section in 
detail. 

FEATURES 

® Number of basic instructions 69 

© Memory size ROM 8192 bytes 

RAM 256 bytes 

© Instruction execution time 

1/is (minimum instructions at 8MHz frequency) 

© Single power supply f(X lN )=8MHz 5V±10% 

© Operating temperature range — 40~85°C 

© Power dissipation 

normal operation mode (at 8MHz frequency) ••••30mW 

© Subroutine nesting 128 levels (Max.) 

© Interrupt 7 types, 5 vecters 

© 8-bit timer ••••3 (2 when used as serial I/O) 

© Programmable I/O (Ports PO, P1, P2, P3, P4) 40 

© Input ports (Port P5) 8 

© Output ports (Port P6) 8 

O Serial I/O (Clock synchronized or UART) 1 

APPLICATION 

Office automation equipment 

Automobile (Audio visual system, Instruction panel system, 
Air conditioner system) 



PIN CONFIGURATION 


(TOP VIEW) 


Vcc II 


W 




|3— P2 






P67-H 






H— P2, 






P6 6 -U 






U— P2 2 




Output port P6 


P65-E 
P64-E 

P6 3 — n 

P6 2 -[T 
P6, — U 

P60-H 
P4 7 — [To 

P4 6 -ni 






m** P2 3 

60] — P2 4 
H — P2 5 
|]— P2 6 
57]->P2 7 

m— po 

55]— PO, 

54]— P0 2 


I/O port P2 


I/O port P4 


P4 5 — m 
P4 3 **ni 


cn 




53] ~ P0 3 

U— po 4 
ID-P05 


I/O port PO 




P4 2 ~[T5 







10— P0 6 






P4,~ [H 






49]— P0 7 






P4 -[H 


H 

1 

X 




48]— P1 






P3 7 /S RDY — [18 
P3 6 /CLK~[T9 


X 
X 




47]— P1, 
46] — P1 2 




I/O port 


P3 5 /T X D~[20 

P3 4 /R x D~[2r 


"D 




H~P1 3 
44]— P1 4 


l/Oport P1 


P3 


P3 3 /CNTR~H 

P3 2 /INtl — [23 

P3,— H 

P3 — H 






H**pi 5 
fU~pi 6 

40]^P5o 




Interrupt input INT, — *• J26 






39] ^— P5, 




CNV SS HI 






H— P5 2 




Reset input RESET— ► [28 
Clock input X, N -♦ [29 






1]-P53 
H*-P5 4 


Input port P5 


Clock output Xqut "- Hi 






H*-P5 5 




Timing output <t> ■*— |31 






33^P5 6 




Vss E 






m^p5 7 








O 


utline 


64P 


4B 
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M50747T-XXXSP BLOCK DIAGRAM 



r 



Clock input Clock output Timing output 

(29) @ — - 



Interrupt input 
INtT 

-(26}- 



Reset input 




Clock generating circuit 



Processor 

status 

register 

PS (8) 



Program 
counter 

PC H (8) 



<*> 



Program 
counter 

PC L (8) 



Stack 
pointer 

S(8) ■ 



8-bit 
arithmetic 

and 
logical unit 



Accumulator 

A (8) 



^> 



I 



RAM 
256 bytes 



Index 
register 

X(8) 



Index 
register 

Y(8) 



ROM 
8192 bytes 



^L 



Prescaler 
PRE12(8) 



-Gl 



~J 



Timer 1 

T1(8) 



M 



Timer 2 

T2(8) 



S^ 



Prescaler 
PREX(8) 
1 



iS 



^w> 



Instruction 
register (8) 



n 



Instruction 
decoder 



Timer X 

TX(8) 



Control signal 




Output port P6 



Input port P5 



I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 



m 
x 

H 

m 

z 
o 
m 

o 

o 
■o 
m 

30 



o 



H 






m 






3 






TJ 






m 






30 






> 






H 






C 






» 




2 


m 




H 


< 




en 


m 
30 


2 


c 

00 


en 


<n 


(/> 


o 


o 


x 


z 


ki 


2 


a 


*> 




s 


*j 


o 


01 


H 


o 


o 


I 


C) 




X 


o 

s 


VI 

I 


X 


TJ 


X 


X 


C 
H 


X 


.01 


m 



(0 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s- 
Output transistors cut-off 


-0.3—7 


V 


v, 


Input voltage, RESET, X| N , INTl P5 ~P5 7 


-0:3—7 


V 


v, 


Input voltage, P0 o ~P0 7 , P1 ~P17, P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7l 


-0. 3~Vcc+0. 3 


V 


Vi 


Input voltage, CNV SS 


-0.3—13 


V 


Vp 


Output voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7 , P6 ~P6 7 , Xout, <t> 


-0.3— Vcc+0.3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW ~ 


T opr 


Operating temperature 




—40—85 


°C 


Tstg 


Storage temperature 




-65-150 


°C 



RECOMMENDED OPERATING CONDITIONS (Vcc = 5V±10%, T a = -40~85°C , unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Nom. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V,H 


"H" input voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7> P5 ~P5 7l 
INTl RESET, Xin, CNVss 


0. 8V CC 




Vcc 


V 


V,L 


"L" input voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 
. INT7, CNVss 







0. 2V CC 


V 


v, L 


"L" input voltage, RESET 







0. 1 2V CC 


V 


v, L 


"L" input voltage, X| N 







0. 16V CC 


V 


•oL(peak) 


"L" peak output current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 






10 


mA 


•oL(avg) 


"L" average output current, P0 ~P0 7 , Pl ~ PI7. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7> P6 ~P6 7 
(Note! ) 






5 


mA 


'oH(peak) 


"H" peak output current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7l P4 ~P4 7 , P6 ~P6 7 






— 10 


mA 


'oH(avg) 


"H" average output current, P0 ~P0 7 , P1 ~ PI7, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 P6 ~P6 7 , 
(Notel ) 






-5 


mA 


f (x, N ) 


Internal clock oscillating frequency 






8 


MHz 



Note 1 I The average output current louavg) and l H(avg) are the average value of a period of 100ms 
2 : Total of loL(peak). °f ports PO, PI, and P2 is 20mA 
Total of loH(peak). of ports P0, P1 , and P2 is 20mA 
Total of liL(peak). o f Ports P3, P4, and P6 is 80mA 
Total of loH(peak). of ports P3 and P4 is 20mA 
Let the total of loH(peak). ot ports P6 below 60mA 



MITSUBISHI 
.ELECTRIC 



3-9 



MITSUBISHI MICROCOMPUTERS 

M50747T-XXXSP 

EXTENDED OPERATING TEMPERATURE VERSION of M50747-XXXSP 



ELECTRICAL CHARACTERISTICS (v c = sv, v ss = ov.t, - -« 


~85°C,f( X|N ) = 8MHz 


unless otherwise 


ioted) 




Symbol 


Parameter 


Test conditions 


Limits- 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage, P0 o ~P0 7 , Pl ~Pl7, P2 ~P2 7 . 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 


l OH = -10mA 


3 






V 


VoH 


"H" output voltage, <f>, ' 


Ioh = -2. 5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7 , P1 ~P17. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7l P6 ~P6 7 


l O L=10mA 






2 


V 


Vol 


"L" output voltage, <p 


Iol = 5mA 






2 


V 


V t +-V t - 


Hysteresis, P3 6 


When used as CLK input 


0.3 




1 


V 


V t +-V t - 


Hysteresis, fNTv 




0.3 




1 


V 


V t +-V t - 


Hysteresis, P3 2 


When used as INT2 pin 


0.3 




1 


V 


V t +-V t - 


Hysteresis, P3 3 


When used as CNTR input 


0.3 




1 


V 


V t +-V t - 


Hysteresis, RESET 






0.5 


0.7 


V 


V t +-V t - 


Hysteresis, X| N 




0.1 




0.5 


V 


l|L 


"L" input current, P0 o ~P0 7 , P1 ~P17. P2 ~P2 7 , 
P3o~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 


V, = OV 






—5 


//A 


P6 ~P6 7> INT, , RESET, X, N 


I.H 


"H" input current, P0 ~P0 7 , P1 ~Pl7. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7> P5 ~P5 7l 


V, = 5V 






5 


juA 


P6 ~P6 7 , INT,, RESET, X, N 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


'cc 


Supply current 


Output terminals 
are opened, 
others to V S s 


f (X|N ) = 8MHz 
Square wave 




6 


12 


mA 


At stop mode 
Tg = 25°C 






1 


/M 


At stop mode 
T a - 85°C 






20 


/uA 
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MITSUBISHI MICROCOMPUTERS 

M50753T-XXXSP 



EXTENDED OPERATING TEMPERATURE VERSION of M50753-XXXSP 



DESCRIPTION 

The M50753T-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for business equipment and other con- 
sumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M50753T-XXXSP and the 
M50753-XXXSP are some electrical characteristics depend 
on the expansion of operating temperature range and the 
fact that this microcomputer works only in the single-chip 
mode. 



FEATURES 



69 

6144 bytes 
•192 bytes 



Number of basic instructions 

Memory size ROM 

RAM 

Instruction execution time 

2/j.s (minimum instructions at 4MHz frequency) 

Single power supply f(X, N )=4MHz 5V±10% 

Power dissipation 

normal operation mode (at 4MHz frequency) •••• 22.5mW 

Operating temperature range — 40~85°C 

Subroutine nesting 96 levels (Max.) 

Interrupt 8 types, 5 vectors 

8-bit timer 3 (2 when used as A-D or serial I/O) 

Programmable I/O ports (Port PO, P1, P2, P3, P4) 36 

Input ports (Port IN) •••■8 

Serial I/O (8-bit) 1 

A-D converter 8-bit successive approximation 

PWM function 1 



APPLICATION 

Office automation equipment 

Automobile (Audio visual system, Instruction panel system, 
Air conditioner system) 



PIN CONFIGURATION 


(TOP VIEW) 


AV SS II 


KJ 




JE|«-IN1 




Input port IN INO — GE 






H«-IN2 




V r ef-[I 






U— IN3 




PWM AV CC E 






HJ — IN4 


Input port IN 


output port PWM •*— 0E 






10 — IN5 




NC E 






H«- IN6 






P2 7 -[7 






U^IN7 






P2 6 ~H 






HI V cc 




P2 5 -[I 






U—.POo 




I/O port P2 


P2 4 — []o 
P2 3 ~[H 






13 — po 2 






P2 2 — 01 
P2 1 -^[l3 


Z 




1H^P04 


I/O port PO 




P2 — EI 


en 




m^po 5 






P3 7 /S RDY ~[H 


Ol 




m^po 6 






P3 6 /CLK — [Te 






U— po 7 






P3 5 /S OU T~[lZ 


X 

x 


. 


U— P1 




I/O port P3 


P3 4 /S, N — m 
P3 3 — H 


>< 

CO 
"0 




H-W-P1, 

H — pi 2 






P3 2 — H 






H— pi 3 

]3**P14 


I/O port P1 




P3 — H 






1-P1 5 




Timer I/O CNTR — [23 






U-P1 6 




Interrupt input j 


"nt^ — H 






ID** piz 

40j NC 




CNV SS H 






U NC 


Reset input RESET-* [27 






38]~P4o 




Clock input X iN — ♦ [28 
Clock output Xqut "- HI 






37] -W-P4, 
!|~P4 2 


I/O port P4 


Timing output <}>■*— [30 






H— P4 3 




Resei RESETouT «_|3jj 

output w— 
V ss 1 






34J — ► 2 <fi Timing output 
33] NC 









Jtline 


64P 


4B NC; 


No connection 



X MITSUBISHI 
ELECTRIC 



3-11 



M50753T-XXXSP BLOCK DIAGRAM 

Clock Clock 

input output Timing output 

X| N Xqut 2(f> 



--{30 




Reset 
output 

RESETqut 
OO 



Clock generating circuit 



Interrupt 
input 

(2) 



Interrupt 
input 



Reset 
input 




(5V) (5V) (0V) (0V) (0V) 
Vcc AV CC V ss AV SS CNV S s V REF 
-(57) (?) (32) (]) (26)- <3)— 




TV 



^ 



2*L 



Processor 




Program 


Program 


status 




counter 


counter 


register PS (8) 




PCh(8) 


PC L (8) 



8-bit 

arithmetic 

and 

logical 

unit 



Accumulator 

A (8) 



iJL 



TV 



A*> 



31 



ROM 
6144 bytes 



RAM 
192 bytes 



TV 



Index 
register X (8) 

— 7"? — 



Index 
register Y (8) 

— <v — " 



Stack 
pointer S (8) 

— <v — 



~\ & 



7 



33* 



i 



Prescaler 
PRE12(8) 



Timer 1 

T1(8) 



£k 



Timer 2 

T2(8) 



tO- 



Prescaler 
PREX(8) 



£ 



51 



\ 



li<S 



Timer X 

TX(8) 



Instruction 
register 8 



Instruction 
decoder 



Control signal 



PWM 
control 



TV 



TV 



->l a-d r 



A si/ow -n 



tv 



P4(8) 
a a" "TTTT 




» ^> 



I ~Sr^ 



^^V 



±^> 



^ 




Input port IN 



I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



PWM 



I/O port PO p u | S e width CNTR 

modulation timer I/O 
output port 



m 
x 

H 

m 

z 
o 
m 

a 

o 

m 
so 

> 

H 

Z 
O 

H 

m 

3 

m 

> 



30 

< 

m 

30 



3 

01 

o 

U1 

(a) 

I 

X 
X 

X 

(/> 

■o 



MITSUBISHI MICROCOMPUTERS 

M50753T-XXXSP 

EXTENDED OPERATING TEMPERATURE VERSION of MS0753-XXXSP 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

Output transistors are at "off" state 


-0.3—7 


V 


v, 


Input voltage RESET, X| N 


-0.3—7 


V 


Vi 


Input voltage IN0~IN7 


-0. 3~Vcc-f-0. 3 


V 


v, 


Input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , CNTR 
mf~ : , mf 2 , CNV ss 


-0.3—13 


V 


Vo 


Output voltage 2 <l>, X ut, <t>, RESETout 


-0. 3-Vcc+0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1o~P17. P2 ~P2 7 

P3 ~P3 7l P4 ~P4 3 , CNTR, PWM 


-0.3—13 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


T opr 


Operating temperature 




-40-85 


°C 


Tstq 


Storage temperature 




-65—150 


°C 



RECOMMENDED OPERATING CONDITIONS 



(V C c=5V±10%, T a =-40~85°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V,H 


"H" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4o~P4 3 , IN0— IN7 
CNTR, INtT, INT^ 


0. 8V CC 




Vcc 


V 


RESET, X| N , CNVss 


V, L 


"L" input voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , IN0-IN7 
CNTR, IntT, TnT^, CNVss 







0. 2V CC 


V 


V, L 


"L" input voltage RESET 







0. 12V CC 


V 


V, L 


"L" input voltage X tN 







0. 16V CC 


V 


f (X IM ) 


Internal clock oscillating frequency 






4 


MHz 



Note 1 : "H" input voltage of ports P0, P1, P2, P3, P4, CNTR, INT 1t and INT 2 is available up to +12V. 
(However, these ports are without pull-up transistor) 
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MITSUBISHI MICROCOMPUTERS 

M50753T-XXXSP 



EXTENDED OPERATING TEMPERATURE VERSION of M50753-XXXSP 



ELECTRICAL CHARACTERISTICS (V CC =5V±10%, V ss =0V, T a =-40~85°C, f (X|N )=4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage 4>, RESETout. 2 <fi 


l H=-2.5mA 








V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 

P3 ~P3 7 , CNTR, P4 ~P4 3 , PWM 


l L=8mA 






2 


V 


Vol 


"L" output voltage <t>, RESETout. 2 <t> 


loL = 5mA 






2 


V 


V T +-V T - 


Hysterisis P3 6 


When used as CLK input 


0.3 




1 


V 


V T +-V T _ 


Hysterisis CNTR, IntT, INT^ 




0.3 




1 


V 


V t +-V t - 


Hysterisis RESET 






0.5 


0.7 


V 


V T +-V T _ 


Hysterisis X| N 




0.1 




0.5 


V 


I.l 


"L" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3o~P3 7 , P4 ~P4 3 , PWM 


V,=0V 

Without pull-up transistor 






-5 


juA 


Iil. 


"L" input current P0 ~P0 7) P1 ~P17. P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , PWM 


V|=0V 

With pull-up transistor 


-40 


-70 


-190 


/uA 


'iL 


"L" input current IN0~IN7 


V,=0V 






-5 


juA 


Iil 


"L" input current CNTR, INTi, INT 2 , RESET, X| N 


V,=0V 






—5 


juA 


Iih 


"H" input current P0 ~P0 7l P1 ~P17, P2 ~P2 7 
P3 ~P3 7> P4 ~P4 3 , PWM 


V,=12V 

Without pull-up transistor 






12 


UA 


Iih 


"H" input current P0 ~P0 7> P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3l PWM 


V,=5V 

With pull-up transistor 






5 


/uA 


'iH 


"H" input current IN0~IN7 


V|=5V (when A-D not selection) 






5 


MA 


I.H 


"H" input current CNTR, INT 1f INT 2 , RESET, X, N 


V,=5V 






5 . 


juA 


'Iih 


"H" input current V REF 


V,=5V 






5 


mA 


Ice 


Supply current 


Output pins are open, input and I/O pins are 
connected to V S s 




4.5 


9 


mA 


Ucc 


Supply current for A-D 


During A-D conversion 




3 


6 


mA 



A-D CONVERTER CHARACTERISTICS (V C c=AV cc =5V, v ss =AVss=0V, T a =-40~85°C, f (X|N) =4MHz, unless otherwise 

noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 




- 


- 


8 


Bits 


- 


Absolute accuracy 


Vcc=AVcc=V RE f=5.12V 






±3 


LSB 


Rladder 


Ladder resistance value 




1 






kO 


tcONV 


Conversion time 








72 


^s 


v REF 


Reference input voltage 








Vcc 


V 


V IA 


Analog input voltage 








Vref 


V 



3-14 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50753T-XXXSP 

EXTENDED OPERATING TEMPERATURE VERSION of M50753-XXXSP 

TIMING REQUIREMENTS 

Single-Chip mode (V C c=5V±10%, V ss =0V, T a =-40~85°C, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (POD— 0) 


Port PO input setup time 


320 






ns 


tsu (P1D— <i>) 


Port P1 input setup time 


320 






ns 


*SU (P2D— <t>) 


Port P2 input setup time 


320 






ns 


tsU (P3D— 4) 


Port P3 input setup time 


320 






ns 


*SU (P4D— </>) 


Port P4 input setup time 


320 






ns 


tsU (IND— <f>) 


Port IN input setup time 


320 






ns 


th (-A— POD) 


Port PO input hold time 


40 






ns 


th (0— P1D) 


Port P1 input hold time 


40 






ns 


th (<*— P2D) 


Port P2 input hold time 


40 






ns 


th (<*— P3D) 


Port P3 input hold time 


40 






ns 


th (<*— P4D) 


Port P4 input hold time 


40 






ns 


th (<*— IND) 


Port IN input hold time 


40 






ns 


tc 


External clock input cycle time 


250 






ns 


t w 


External clock input pulse width 


75 






ns 


tr 


External clock rising edge 






25 


ns 


tf 


External clock falling edge 






25 


ns 



SWITCHING CHARACTERISTICS 
Single-chip mode (v cc =5v±io%, v ss =ov, T a =- 



■40~85°C, f( X | N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td((6— POQ) 


Port P0 data output delay time 


Fig. 1 






300 


ns 


td(0— piq) 


Port P1 data output delay time 






300 


ns 


t(JU— P2Q) 


Port P2 data output delay time 






300 


ns 


td(0— P3Q) 


Port P3 data output delay time 






300 


ns 


td(0— P4Q) 


Port P4 data output delay time 






300 


ns 
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MITSUBISHI MICROCOMPUTERS 

M50753T-XXXSP 



EXTENDED OPERATING TEMPERATURE VERSION of M50753-XXXSP 



20 PIN AC CHARACTERISTICS (V cc =5. OV. V ss =0V ( f (X|N) =4MHz, T a =25°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tc 


Clock output cycle time 


Fig.2 




500 




ns 


t w 


Clock output pulse width 


150 






ns 


tr 


Clock rising time 






75 


ns 


tf 


Clock falling time 






50 


ns 



Timing diagram of 2$ 















1 


c 








w 


tf 
















\ 
0. 8V CC 




0. 2V CC 

1 


/ 
\ 


,' / 


f 




^ V '^ 



















V C c 

|1 kfl 




P0 
P1 
P2 
P3 
P4 


1 


JjOOpF ° 








Fig.1 Ports P0~P4 test circuit 



Fig.2 20 test circuit 
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MITSUBISHI MICROCOMPUTERS 

M50753T-XXXSP 

EXTENDED OPERATING TEMPERATURE VERSION of M50753-XXXSP 



TIMING DIAGRAMS 

In single-chip mode 











\ 


< 


/' 




<t> 








> 


*£r- t(j (0-POQ) 






Port PO output 


















tsU (POD-0) 


*e- 


Port PO input 




-5> 


\ 


-> 


bx 


<=- td (0-P1Q) 


1 


<~th (^-POD) 


Port P1 output 


















tsU (P1D-0). 

3 




1 


Port P1 input 




-5> 


X 




>< 


«=£- t(j (0-P2Q) 




<-th (0-pid) 


Port P2 output 


s 
















*SU (P2D-0) 

/ 






Port P2 input 




/ 


\ 




> 


<=r- td (0-P3O) 




<"th (#~P2D) 


Port P3 output 


" 
















tsU (P3D-9» 






Port P3 input 




' 


X 






> 


^S— td (<A-P4Q) 






<-th (0-P3D) 


Port P4 output 


i 
















*SU (P4D-<6) 

/ 






Port P4 input 




' 


X 








tsU (IND-0) 


•«£- th (0-P4D) 


Port IN input 


/ 


"^V 












1 


"*=~ th (0-IND) 



f(X, N ) 
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MITSUBISHI MICROCOMPUTERS 

M50930T-XXXFP 



EXTENDED OPERATING TEMPERATURE VERSION of M50930-XXXFP 



DESCRIPTION 

The M50930T-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction sets, the ROM, RAM,' 
and I/O address are placed on the same memory map to 
enable easy programming. 

The differences between the M50930T-XXXFP and the 
M50930-XXXFP are some electrical characteristics depend 
on the expansion of operating temperature range. Other 
functions are explained in the M50930-XXXFP's section in 
detail. 

FEATURES 

• Number of basic instructions- ••' 69 

© Memory size 

ROM 4096 bytes 

RAM- • 128 bytes 

• Instruction executing time 

2/us (minimum instructions, at 4MHz frequency) 

• Single power supply 

f(X, N )=4MHz 5V±10% 

f(X| N ) = 1MHz- : 2.7V ^ V cc ^ 5.5V(Typ.) 

• Power dissipation 

nomal operation mode (at 4MHz frequency) 

15mW(V cc =5V, Typ.) 

low-speed operation mode (at 32kHz frequency for 

clock function) 225/^W (V CC =5V, Typ.) 

stop mode(at25°C) 5/*W (V CC =5V, Max.) 

• RAM retention voltage (stop mode) 

2.0V ^ V RAM ^ 5.5V 

• Operating temperature range — 40~85°C 

• Subroutine nesting 64 levels (Max.) 

• Interrupt 8types, 5 vectors 

• 8-bit timer 3 (2 when used as serial I/O) 

• 16-bit timer 1 (Two 8-bit timers make one set) 

• Programmable I/O ports 

(Port P0, P1, P2, P3) • 32 

• Input ports(Port P4) • • 8 

• Serial I/O (8-bit) ••••' : 1 

• LCD controller/driver ( 1 /2, 1 /3 bias, 1 /2, 1 /3, 1 /4 duty) 

segment output — •• r • 32 

common output 4 

• Two clock generator circuits (One is for main clock, the 
other is for clock function) 



PIN CONFIGURATION (TOP V|EW) 


O r- CM P3 t* lO CBKCOOJOt-CNM 


0(3(3(50(50 ,.00000000 


UJ LU ID UJ ID HI ID wtDlDWLDlDlDLDLLI 


cowwwwww>wwwcowa>cow 




|i3II^rai^l^RI^IHll«||7ilI5oiraii||67l|66l|i| 




SEG 8 — [T 





E--P40/SEG24 


seg 7 ^GE 


6|]" M 'P4 1 /SEG25 


SEG 6 — d 




62}-~P4 2 /SEG 26 


SEG 5 -[T 




]l}~ P4 3 /SEG 27 


SEG 4 «-E 




to] «-* P4 4 /SEG 28 


SEG 3 — [I 




5FJ*-P4 5 /SEG 29 


SEG 2 — d 




58j**P4 6 /SEG 3 


SEG,+-[l 




IfJ**P47/SEG3i 


SEGo— [I 


2 


IU*+POo 


COM 3 ♦- [To 





U^PO, 


COM 2 *-[n 


CD 
CO 


5TJ~-P0 2 


COMt —Ql 


H 


H]**P03 


COM — [TJ 


1]**P04 


Vli-QI 


X 


ID^POs 


Vi^-GI 


X 


50]— P0 6 


VL3-G1 




4|]**P0 7 


Vcc 01 


13 


48]^P1 . 


.CNTR*+Q! 




£]— P1, 


P37/S RDY ♦* , Q9 




H**P1 2 - 


P3 6 /CLK«-[|> 




!«*pi 3 


PSs/Sout^HL 




44j-^P1 4 


P3 4 /S, N *>H 




JE-P15 


P3 3 /T«-[H 


b J 


42]~P1 6 


P3 2 /INT 2 **[Ii 


P-P1 7 




|25j |26| [27j [28j 129] [30| [3lj |32] |33j [34] [35J |36j |37j [38] [39j [40] 




in 1 1 1 iiiiiiii 


Z M.t- w 


h^5wcC"CMOJ ) ' CVCMWCMCNI 


C ol— z 

CO >, u 

Q-e? 


W X o>Q.Q.Q.QlQ.Q.OlQ- 

cc 


a. 


Outline 80P6 



APPLICATION 

Office automation equipment 

Automobile (Audio visual system, Instruction panel system, 
Air conditioner system) 
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M50930T-XXXFP BLOCK DIAGRAM 



Clock Input Clock Output 
X|N Xout 
~-<30) © 



Interrupt 
input 

INTY 



Reset 
input 



f f 



(5V) 
Vcc 



(OV) 
V ss 



(OV) 
L_ CNV SS 

"© (§)— 



Clock Generating Circuit 



t I \ 



^Z. 



Processor 




Program 


Program 




Stack 


Status 




Counter 


Counter 




Pointer 


Register PS(8) 




PC H (8) 


PC L (8) 




S(8) 



i r 



8-bit 

Arithmetic 

and Logical 

Unit 



<7 



^Z. 



Accumulator 
A(8) 



77 



RAM 
128 bytes 



77 



Index 

Register 

X(8) 

— 77~ 



Index 

Register 

Y(8) 

— 77" 



ROM 
4096 bytes 



<> 



<.S 



<^> 



V 



> {p 



7 



Timer 1 __ 
_T1(8) 



3^ 



^_ 



Timer4 
T4(8) 



t^; 




Timer 5 
T5(8) 



& 



Timer 3 
T3(8) 



•sz 



instruction 
Register 



J£ 



instruction 
Decoder 



Control Signal 



T 



LCD Data Memory 



^^ 



5 



<-> 



P4(8) 

- c 



XciN 



S 1/0(8) 



LCD Controller/Driver 



^)®^Ki)©©- 



u 



INT 2 



i±-> 



P3(8) 



<»r> 



P2(8) 



i> A 



i. /. m n 



<>r> 



P1(8) 



i. j. ). 



Timer 

1 l/0 
-(ipCNTR 



S*> 



P0(8) 



FT 
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MITSUBISHI MICROCOMPUTERS 

M50930T-XXXFP 



EXTENDED OPERATING TEMPERATURE VERSION of M50930-XXXFP 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


Output transistor are "off" 


-0.3—7 


V 


V, 


Supply voltage for LCD V L i~V L3 


-0. 3-Vcc-r-O. 3 


V 


V, 


Input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , X, N 


-0. 3~Vcc+0. 3 


V 


V, 


Input voltage INTi, CNV SS 


-0. 3~ 7 


V 


V| 


Input voltage RESET, CNTR 


-0.3—13 


V 


Vo 


Output voltage P0 ~P0 7> P1 ~P1 7 , P2 ~P2 7 

P3 ~P3 7 , COM ~COM 3 , SEG ~SEG 31 

XoUT 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage CNTR 


—0.3—7 


V 


Pd 


Power Dissipation 


T a = 25°C 


300 


mW 


Topr 


Operating temperature 




-40-85 


°C 


Tstg 


Strage temperature 




-55—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =2.7~5.5V, V ss =0V, T a =-40~85°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage (Note 1 ) 

(in single-chip mode) 


f(X, N )=4.3MHz 


4.5 




5.5 


V 


f(X, N ) = 1.1MHz 


2.7 




5.5 


Vss 


Supply voltage 











V 


V, H 


"H" input voltage P0 ~P0 7 , P1 ~P1 7 
P3 , P3i (Note 2) 
P3 3 ~P3 7 (Note3), P4 ~P4 7 
RESET, Xin, CNVss 




0. 8V CC 




V C c 


V 


V| H 


"H" input voltage P2 ~P2 7 , P3 2 , P3 6 (Note 4 ) 
INtT, CNTR 




0.85V CC 




Vcc 


V 


V,l 


"L" input voltage P0 ~P0 7 , P1o~P1z 
P3 , P3, ( Note 2 ) 
P3 3 ~P3 7 (Note 3 ), P4 ~P4 7 
CNVss 









0. 2V CC 


V 


V, L 


"L" input voltage P2 ~P2 7 , P3 2 , P3 6 (Note 4 ) 
TntT, CNTR 









0. 15V CC 


V 


V, L 


"L" input voltage RESET 









0.1 Vcc 


V 


V,L 


"L" input voltage X| N 









0.1 4 V cc 


V 


'OH 


"H" Output current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 (Note5),X O uT 








—2 


mA 


loupeak) 


"L" peak output current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , CNTR, Xour(Note6 ) 








10 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
CNTR, X OU T(Note7) 








5 


mA 


f(x 1N ) 


Clock oscillating frequency (Note 8 ) 


V CC =4.5~5.5V 


64 




4300 


kHz 


V CC =2.7~5.5V 


64 




1100 


f(x CIN ) 


Clock oscillating frequency for clock function (Note 8 ) 




32 




50 


kHz 



Note 1 Value of V cc is 4. 5^V CC ^5. 5 in memory expanding and microprocessor mode. When only maintaining the RAM data, minimum value of V C c is 
2 V 

2 When using port P3 1 as X C in, 0.9V C c^V IH ^Vcc, ^V, L ^0. 1V CC for port P3V 

3 In this case of using port P3 6 as normal input. 

4 In this case of using port P3 6 as CLK input. 

5 The total of Iqh of port P0, P1, P2, P3 and Xqut should be 35mA max. 

6 The total of l OL (peak) of port P0, P1, P2, P3 should be 55mA max, and the total of 
Iol (peak) of port P3, CNTR, and Xqut should be 45mA max. 

7 Iql (avg) is the average current in 100ms. 

8 When changing the contents of the most significant bit at address 00F5 16 , 
f(X| N ) needs the following range : f(X| N )>3f(X C | N ). , 
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M50930T-XXXFP 

EXTENDED OPERATING TEMPERATURE VERSION of M50930-XXXFP 

ELECTRICAL CHARACTERICS (V ss =0V, T a =-40~85°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P0 ~P07, P1o~P17. P2 ~P2 7 , 
P3 ~P3 7 (Note9)(Note10) 


V CC =5V, l 0H =-2mA 


3 






V 


Vcc=3V, l O H=-0.7mA 


2 






Voh 


"H" output voltage Xout 


V CC =5V, l H=-1-5mA 


3 






V 


V CC =3V, l O H=-0.3mA 


2 






Vol 


"L" output voltage P0 ~P0 7l P1 ~P17. P2 ~P2 7 
P3 ~P3 7 (Note10), CNTR 


V CC =5V, l OL =10mA 






2 


V 


V CC =3V, l 0L =3mA 






1 


Vol 


"L" output voltage X ut 


Vcc=5V, l 0L =1.5mA 






2 


V 


V CC =3V, l OL =0.3mA 






1 


V t +-V t - 


Hysteresis INTY CNTR 


V CC =5V 


0.25 




1 


V 


V CC =3V 


0.15 




0.7 


V t +-V t - 


Hysteresis P3 6 


When used as 

CLK input 


V CC =5V 




0.5 




V 


V CC =3V 




0.4 




V T +-V T - 


Hysteresis P3i 


When used as 

Xcin input 


V CC =5V 




0.7 




V 


V CC =3V 




0.5 




v T +-v T - 


Hysteresis P2 ~P2 7 , P3 2 


V CC =5V 




0.5 




V 


V CC =3V 




0.4 




v T +-v T _ 






V CC =5V 




0.35 


0.5 


V 






V CC =3V 




0.25 




v T+ -v T _ 


Hysteresis X| N 


V CC =5V 




0.5 




V 


V CC =3V 




0.35 




I.L 


"L" input current P4 ~P47 (except reset state) 

|P0 ~P0 7 , P1 r-P1 7 , P2 ~P2 7 , P3 ~P3 7 )I 
without pull-up Tr. 
CNTR, INT 1p RESET, X, N 


V CC =5V 
V,=0V 






-5 


ma 


V CC =3V 
V,=0V 






—4. 


I.L 


"L" input current (P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , P3 ~P3 7 )I 
with pull-up Tr. 


V CC =5V, V,=0V 


-30 


-70 


-140 


mA 


V C c=3V, V,=0V 


-6 


-25 


-45 


IlL 


"L" input current P4 ~P47 (at reset state) 


V CC =5V, V L3 =5V, V,=0V 


-30 




-140 


juA 


V CC =3V, V L3 =3V, V,=0V 


-6 




-45 


I.M 


"H" input current P4 ~P4 7 
P0 ~P0 7 
P3 ~P3 7 

X|N 


(except reset state) 
P1 ~P1 7 , P2 ~P2 7 , 


Vcc=5V 
V,=5V 






5 


M A 


CNTR, INT,, RESET, 


V CC =3V 
V,=3V 






4 


llH 


"H" input current P4 ~P4 7 (at reset state) 


V CC =5V, V L3 =5V, V,=5V 






5 


MA 


V CC =3V, V L3 =3V, V,=3V 






4 


RcOM 


Output impedance COM ~COM 3 


Vli=V C c/3 
V L2 =2V L1 , 

Vl3 Vcc 

Other COM, SEG 

pins are opend. 


V CC =5V 


30 


200 


2000 


n 


V CC =3V 


70 


500 


4000 


Rs 


Output impedance SEGo~SEG3i 


V CC =5V 




2 




kn 


V CC =3V 




3 




'cc 


Supply current 
(at operation) 


Output pin are opend. 
RESET, POo~P0 7 , 
P1o~P1 7 , P2 ~P2 7l 
and P3 ~P3 7 are 
conected to V C c 
Except the above pins 
are conected to V S s- 
However, X| N and Xcin 
are input signal according 
to the conditions. 


f(X IN )=4MHz, V CC =5V 




3 


6 


mA 


f(X, N ) = lMHz, V cc =3V 




0.7 




T a =25°C 
Xin=0V 

f(X C iN)=32.8kHz 
at low power mode 
(LM 6 =1) 


V CC =5V 




45 




juA 


V CC =3V 




18 




'cc 


Supply current 
(at wait state) 


f(X| N )=4MHz, V CC =5V 




1 




mA 


f(X, N ) = lMHz, V CC =3V 




0.4 




T a =25°C 
X| N =0V 

f(XciN)=32.8kHz 
at low power mode 
(LM 6 =1) 


Vcc=5V . 




20 


60 


juA 


V CC =3V 




4 


12 


'cc 


Supply current 


f(x, N )=o 

f(X C |N)=0 
V C c=5V 


T a =25°C 




0.1 


1 


U A 


T a =70°C 






10 


Vram 


RAM retention voltage 


f(X, N )=0, f(X C | N )=0 


2 




5.5 


V 



Note 9 , Except when the output type of P3 5 is N-channel open drain (mask option). 
10 If P3 is used as X C out. capability of load driving is lower than the above. 
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EXTENDED OPERATING TEMPERATURE VERSION of M50930-XXXFP 



TIMING REQUIREMENTS 

Memory expanding mode and microprocessor mode 



(Vcc=5V±10%,V S s=0V,T a =-40~85 o C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(P2D-0) 


Port P2 input setup time 




270 






ns 


t su (P3D-<A) 


Port P3 input setup time 




270 






ns 


t su (P4D-^) 


Port P4 input setup time 




270 






ns 


k t W i 


INTi, INT 2 External clock input pulse width 




1 






MS 


V cc =2. 7V 


4 






us 


twR 






2 






/us 


RESET External clock input pulse width (Note 1 ) 


V C c=2. 7,V 


8 






us 


t h (0-P2D) 


Port P2 input hold time 




20 






ns 


t h (^-P3D) 


Port P3 input hold time , 




20 






ns 


th(0-P4D) 


Port P4 input hold time 




20 






ns 


tc 


External clock input cycle time (X| N pin) 




232 






ns 


t w 


External clock input pulse width (X iN pin) 




80 






ns 


tr 


External clock rising edge time (X| N pin) 








25 


ns 


tf 


External clock falling edge time (Xin pin) 








25 


ns 


tec 


External clock input cycle time (PS^Xcin pin, X C in) 




20 






us 


twe 


External clock input pulse width {P3^/X C \h pin, X C in) 




5 






us 


trc 


External clock rising edge time (P3^/Xc\h pin, X C in) 








6.2 


us 


tfc 


External clock falling edge time (P3i/X C in pin, X C in) 








6.2 


us 



Note 1 : Hold RESET to "L" level while eight or more rise pulse are input from X| N . 



SWITCHING CHARACTERISTICS 

Memory expanding mode and microprocessor mode 



(V C c=5V±10%, V ss = V, T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(0-POA) 


Port P0 address output delay time 


Fig. .1 






250 


ns 


td(0~P1A) 


Port P1 address output delay time 






250 


ns 


t d (0-P2Q) 


Port P2 address output delay time 






330 


ns 


td(0-P2QF) 


Port P2 address output delay time 






300 


ns 


td(0~R/W) 


R/W signal output delay time 






tcyc/4 
+210 


ns 


td(^-R/WF) 


R/W signal output delay time 






250 


ns 


td(^-SYNC) 


SYNC signal output delay time 






250 


ns 


t d (^-P3Q) 


Port P3 data output delay time 






250 


ns 




Fig.1 Port PO, P1, P2, P3, SYNC (X OU t) test circuit 
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TIMING DIAGRAMS 

In memory expanding mode and microprocessor mode 



Port P1 6 output 



Port PO output 



PortP1 ~P1 5 
output 



Port P2 output 



Port P2 input 



Port P1 7 output (R/W) 



Xqut output 

(at setting to SYNC output) 



Port P3 output 



Port P3 input 



Port P4 input 



A 



x cyc 



X 



X 



" td(^POA) 



>: 



-td(«M>1A) 



X^_^°!! n9 ___"X 



T d(£-R/W) 



7~~X 



>: 



l d(0-SYNC) 



>: 



• l d(^ 



/ 



-tdU-P2Q) 



tsU(P2D-(6; 



A 



tsU(P3D-<4)- 



/ 



t SU(P4D-(4) - 



a 



x 



x 



- td<* 



x:::: 



x 



-th((4-P2D) 
— T d(^R/WF) 



X 



X 



• t|"|(i*-P3D) 



X 



■ X h(0-P4D) 
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M50930T-XXXFP 

EXTENDED OPERATING TEMPERATURE VERSION of M50930-XXXFP 



INT,, INT 2 input 



RESET input 



X 



X 



X, N input f (X|N ) f (X|N ) 



/ 



< tr 



\ 



S 



P3i/X CIN input 
(at using X C in) 



<- 



<- 



\ 



-tfc 



/ 
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MITSUBISHI MICROCOMPUTER 

M50740-PGYS 



PIGGYBACK for M50740A-XXXSP, M50741-XXXSP 



DESCRIPTION 

The M50740-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip 8-bit 
microcomputers M50740A-XXXSP and M50741-XXXSP. The 
M50740-PGYS, being housed in a piggyback-type 52 pin 
shrink DIP, is compatible with the M50740A-XXXSP/ 
M50741-XXXSP. 

There is a 28 pin socket on the top surface so that the 
M5L2732K or the M5L2764K EPROM may be used. 
The M50740-PGYS simplifies the development of programs 
for the M50740A-XXXSP/M50741-XXXSP and is excellent 
for making prototypes. 



DISTINCTIVE FEATURES 

• Differences with the M507,40A-XXXSP/M50741-XXXSP 
are: 

(1) ROMIess, EPROM is attached externally 

(2) Suitable EPROM is the M5L2732K or the M5L2764K. 

APPLICATION 

Development of programs for VCR, tuners and audio equip- 
ment. 



PIN CONFIGURATION (TOP VIEW) 



I/O port P2 



r P2 7 ~\T 
P2 6 ~E 
P2 5 ~E 

P2 4 ~E 
P2 3 ~E 
P2 2 ~e 
P2i -E 

P2 -E 
NC E 

>o 7 ~ E 
po 6 ~E 

P0 5 ~[|2 

P0 4 «-[T3 

* P0 3 «-*E 

po 2 — E 
po, ~E 

^P0 **E 

Timer input/output and interrupt input CNTR *-* E 

Interrupt input Fnt-^E 

NC E 

CNV SS E 

Reset input RESET - *"E 

Clock input X )N -»• E 

Clock output ( * OUTF *~ p 
^ *outs •*— [25 



I/O port PO 



28-pin socket for EPROM 



Outline 52S1M 



ID 



© V cc Vcc 

© A 12 Vcc @ 

® A 7 Vcc © 

© A 6 A 8 © 

© A 5 A 9 © i 

© A 4 An (23) 

® A 3 V ss © 

© A 2 A 10 © 

© At V ss © 

® A D 7 © 

i 
© Do D 6 @ I 

© D, D 5 © 

© D 2 ° 4 ® ' gg - 

© V ss D 3 © I H- 

I 29] «• 

M50740-PGYS tej„ 



5H" 

48]. 

g, 

46]- 

D- 

44] «• 

47]. 
40j -• 

H. 

38] «» 
37]. 
1. 

1* 
1- 



Vcc 
NC 

' P3 

- P3, 

- P3 2 

■ P3 3 

■ P3 4 

• P3 5 

■ P3 6 

• P3 7 

■ P1o 

• P1i 

• P1 2 

• P1 3 

• P14 

• P1 5 
P1e 
P1 7 



I/O port P3 



I/O port P1 



RESETqut Reset 0Ut P ut 

CE Chip enable 

R/W Read/write output 

<j> Timing output 

Ro 1 

R1 

R 2 

R 3 



•I/O port R • 



The symbol "O" indicates sockets for EPROM. 
NC: NoConnection. 
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M50740-PGYS 

PIGGYBACK for M50740A-XXXSP.M50741-XXXSP 



PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


V cc 
V ss 


Supply voltage 




Power supply inputs 5V±5% to V C c> and OV to Vss- 


CNVss 


CNVss 




This is usually connected to V S s- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2//s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


X|N 


Clock input 


Input 


This' chip has an internal clock generating circuit. 

To control generating frequency, an external RC circuit is connected between the X| N and X uts or the 
Xoutf pins, and an external ceramic or a quartz crystal oscillator is connected between the X| N and Xouts 
pins. If an external clock is used, the clock source shold be connected to the Xin pin, and the Xouts and 
Xoutf pins should be left open. 


XoUTS 


Clock output 


Output 


This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a RC circuit, a ceramic or a quartz crystal oscillator between this pin and X| N pin. 


XoUTF 


Clock output 


Output 


This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connectting a RC circuit between this pin and X| N pin. 


4> 


Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O or interrupt 
input 


I/O 


This is in common with an I/O for the timer X and an interrupt input pin. 


Int 


Interrupt input 


Input 


This is the lowest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is N-channel open drain. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 


Ro~R3 


I/O port R 


I/O 


Port R is a 4-bit I/O port, and is used to connect with an I/O expander. For M50740A-XXXSP, it can be only 
for input. 


' R/W 


Read/Write output 


Output 


This pin outputs read/write signal for I/O expander. 


CE 


Chip enable output 


Output 


This pin outputs the chip enable signal for I/O expander. 




Reset output 


Output 


This pin outputs the reset signal for I/O expander. 


RESETqut 


A ~A 12 


Output port A 


Output 


Port A is for output addresses to an EPROM mounted on the top of the package. 


D ~D 7 


Input port D 


Input 


Port D is for input data from an. EPROM mounted on the top of the package. 
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M50740-PGYS 

PIGGYBACK for M50740A-XXXSP, M50741-XXXSP 



EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M50740A-XXXSP/M50741- 
XXXSP are explained below. As all other points are the 
same, only the differences are explained. 



MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The address of EPROM 
is 0100 16 to 1FFF 16 , having 7936 bytes. Other than this, the 
M50740A-XXXSP/M50741-XXXSP have the same functions. 
Note that the area of the ROM will change depending on 
the memory capacity of the EPROM. 



Zero page - 

External ROM 
(7936 bytes) 




(0000 16 


C 


ecimal 


/ 
/ 
/ 
/ 

95 / 
/ 
/ 
/ 

/ 
/ 
/ 

255 

\ 
\ 
\ 

\ 

\ • 
\ 

\ 

\ 
\ 

\ 

\ 

\ 

\ 

\ 

\ 
\ 

\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

INT * 

Timer 2 

Timer 1 

Timer X 

CNTR 

8191 Reset 








RAM 
(96 bytes) 




/ / 00E0is 

00E1 16 

00E2ie 

00E3i6 

00E4i 6 

00E5i6 

OOE616 

00E7ie 

OOE816 

00E9i 6 

OOEA16 

OOEBie 

00ECi 6 

OOEDie 

00EE 16 

OOEF16 

00F0i 6 

00F1 16 

00F2 16 

00F3ie 

00F4 16 

00F5i 6 

00F6i 6 

00F7 16 

OOF816 

00F9ie 

OOFA16 

N OOFBie 

* OOFC16 
\ 
\ OOFD16 

\ OOFE16 

\00FFi6 


Port P0 




Dnrt PH directional 
run ru register 


Port P1 


Pnrt P1 directional 
run r i re gi s ter 


wwoi 16 

,00D0ie 
00DF 16 
OOEOie 

► OOFFie 
0100 16 

1000 16 
1400 16 

.1 Pnn .„ 


Not used 


Port P2 


Port P2 ?i3S£ r na ' 


I/O expander 








Port P3 




Pnrt PT directional 
KOrt roJ re gi Ster 


























Special 
page for < 
subroutine 
call 


1FF4 16 
1 FFF 16 














Timer 1, 2 prescaler 


Address L 
Address H 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer X prescaler 


Address L 
Address H 


Timer X 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 















Fig.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50740A-XXXSP/ 
M50741 -XXXSP only in the memory expanding mode of the 
processor mode. Figure 2 shows the external memory area 
when the M50740-PGYS is in the memory expanding mode. 
All other processor modes are identical to those of the 
M50740A-XXXSP/M50741 -XXXSP. 



1FFF 16 



0100 16 
00E8 16 
00E0 16 
00C0 16 . 

0060, 6 



0000 16 



External EPROM 



Timers, Port P3, etc. 



Ports P0—P2 



I/O expander 




Internal RAM 



Hatching indicates external memory area. 



PRECAUTION FOR USE 

(1) Because of the loading of the EPROM, the external 
dimensions differ from those of the M50740A-XXXSP/ 
M50741-XXXSP, being 19.0X50.8mm. Lower pin 
measurements are the same. 

(2) When developing programs with the M50740-PGYS, 
carefully consider the ROM capacity of the M50740A- 
XXXSP/M50741 -XXXSP. 

In the case of the M50740A-XXXSP, use the ROM area 
from 1400 16 to 1FFF 16 of the M50740-PGYS. (For the 
M5L2732K use from 0400 16 to 0FFF 16 .) 
In the case of the M50741 -XXXSP, use the ROM area 
from 1000 16 to 1FFF 16 of the M50740-PGYS. (For the 
M5L2732K use from 0000 16 to 0FFF 16 .) 

(3) The M50740-PGYS has" no options as the M50740A- 
XXXSP. 

For the M50740-PGYS, port R is set the input/output 
port. 



Fig. 2 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s pin. 
Output transistor off. 


-0.3—7 


V 


V, 


Input voltage, Ro~P>3. CNV SS , RESET, X, N , D ~D 7 


-0.3—7 


V 


v, 


Input voltage, P3 ~P3 7 


—3. 0~Vcc+0. 3 


V 


v, 


Input voltage, INT, P0 ~P0 7 , P1 ~P1 7 , 
P2 ~P2 7 , CNTR 


-0.3—13 


V 


Vo 


Output voltage, R ~R3 


-0.3—7 


V 


Vo 


Output voltage, P3 ~P3 7 , X utf> X uts, <f>, 

R/W, CE, RESETout, A ~A 12 


-0.3— V cc +0.3 


V 


Vo 


Output voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
CNTR 


-0.3—13 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstq 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (t 8 



-10~70°C, V c , 



= 5V±5%, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


Vss 


Supply voltage 









V 


V, H 


"H" input voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
CNTR, INT 


0. 8V CC 




12 


V 


V, H 


"H" input voltage, P3 ~P3 7 , R ~R3, CNV SS 


0. 8V CC 




Vcc 


V 


V|H 


"H" input voltage, RESET 


0. 48V CC 




Vcc 


V 


V|H 


"H" input voltage, X| N 


0. 8V CC 




V C c 


V 


V|H 


"H" input voltage, D ~D 7 


0. 45V CC 




V C c 


V 


V,l 


"L" input voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , R ~R 3 , CNVss 







0. 2V CC 


V 


V, L 


"L" input voltage, CNTR, INT 







0. 2V C c 


V 


V, L 


"L" input voltage, RESET 







0. 12V CC 


V 


V, L 


"L" input voltage, Xin 







0. 2V CC 


V 


V, L 


"L" input voltage, D ~D 7 







0. 15V C c 


V 


f(x |N ) 


Internal clock oscillating frequency 






4 


MHz 



Note 1 ' "H" input voltage of up to 12V is permissible for ports P0, P1 and P2 as well as CNTR and INT. 
ELECTRICAL CHARACTERISTICS (Vcc = 5V±5%, V ss = OV, f (X|N) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage, P3 ~P3 7 


V C c = 5V, T a = 25°C 
l 0H = —10mA 


3 






V 


VqH 


"H" output voltage, <t>, R/W, CE, RESETout, 
A ~A 12 


Vcc = 5V, T a = 25°C 
l OH = -2.5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7 , P1o~P1 7 . P2 ~P2 7 , 
R ~R 3 , CNTR 


Vcc = 5V, T a = 25°C 
Iol= 10mA 






2 


V 


Vol 


"L" output voltage, <A R/W, CE, RESETout, 
A ~A 12 - 


V C c = 5V, T a = 25°C 
Iol = 5mA 






2 


V 


V t +-V t - 


Hysteresis, CNTR, INT 


Vcc = 5V, T a = 25°C 


0.3 




1 


V 


V t +-V t - 


Hysteresis, RESET 


Vcc = 5V, T a = 25°C 




0.5 


0.7 


V 


V t +-V t - 


Hysteresis, X| N 


Vcc = 5V, T a = 25°C 


0.1 




0.5 


V 


Iil 


Input leak current, P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
TNT, CNTR 


Vcc = 5V, T a = 25°C 
0^ V, ^ 12V 


-12 




12 


MA 


IlL 


Input leak current, P3 ~P3 7 , Ro~R3, 

CNVss, RESET, X| N , D ~D 7 


Vcc = 5V, T a = 25°C 
< V, < 5V 


-5 




5 


juA 


Ice 


Supply current 


Vcc = 5V, T a = 25°C 

Connect P3o~P3 7 to V C c, open the output 
pin, and connect the input pin and input/ 
output pin, other than P3 ~P3 7 , to V S s- 




3 


6 


mA 
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DESCRIPTION 

The M50742-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M50742-XXXSP/M50708-XXXSP. The 
M50742-PGYS, being housed in a piggyback-type 64-pin 
shrink DIP, is compatible with the M50742-XXXSP/M50708- 
XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 
The M50742-PGYS simplifies the development of programs 
for the M50742-XXXSP/M50708-XXXSP and is excellent for 
making prototypes. 



DISTINCTIVE FEATURES 

• Differences with the M50742-XXXSP/M50708-XXXSP 
are: 

(1) ROMIess, EPROM is attached externally 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 

APPLICATION 

Development of programs for VCR, tuners, and audio 
equipment. 



PIN CONFIGURATION (TOP VIEW) 






V cc E 


\y 


64]~P4o 






P6 7 -GE 




1]^-P4 1 






P6 6 *-U 




H^P4 2 






P6 5 *"E 




ID** P4 3 






P6 4 ^[T 


28-pin socket for EPROM 


ii~P4 4 


I/O port P4 


Output port P6 


P6 3 *-U 


A 


59J~P4 5 






P6 2 -E 


f V. J ^ 


D~P4 6 






P6! *-[? 


1 V cc W V C c © 1 


57]~P4 7 


■ 




P60-E 


[ © A 12 V cc © I 


IJ^POo 






P2 7 «-»[jo 
P2 6 -[v[ 


® A 7 A 13 © I 


U^PO, 
54]**P0 2 






P2 5 **[T2 


I A 6 A 8 © j 


m**po 3 




I/O port P2 


P2 4 **DI 
P2 3 ~0I 


I © A 5 A 9 © , 


1]**P04 


I/O port PO 




P2 2 -D1 


| © A 4 A n © 


50]^P0 6 






p^—Dl 


j © A 3 V ss © I 


49]-m-P0 7 






P2 ^nz 




U^P1o 






P3 7 /s RDY — m 


I ® A 2 A 10 © I 


£l~P1i 






P3 6 /CLK~[l9 


[ ® A, V ss © ! 


46]^P1 2 






P3 5 /Sout~[Z2 
P3 4 /S, N **Hl 


I © Ao ' D 7 © | 


U~P1 3 

44]^P14 


I/O port P1 


I/O port P3 


P3 3 /CNTR~[22 


1 © D D 6 © . 


H-PI5 






P3 2 /iNT^ ** [23 


] © D, D 5 © , 


H~P1 6 






P3t **|24 




£|WP1 7 






P3 ^[l 


I © D 2 D 4 © I 


40]— P5 




Interrupt input INT! — ► [26 


' © V ss D 3 © I 


H— P5, 




CNVss HZ 


I | 


U— P5 2 




Reset input RESET -► [28 




H*-P5 3 




Clock input X, N -+ [29 




H*-P5 4 


Input port P5 


Clock output X uT *~ HI 




H«-.P5 6 




Timing output •*— [57 


M50742-PGYS 


34]*-P5 6 




V ss H 




H-P5 7 






Outline 64S1M 




The symbc 


dI "O" indicates sockets for EPROM. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
V ss 


Supply voltage 




Power supply inputs 5V±5% to Vcc. and OV to V S s. 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2jus (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and Xout pins. If an external clock is used, the clock 
source should be connected the X| N pin and the X ut pin should be left open. 


X<DUT . 


Clock output 


Output 





Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an I/O pin for the timer X. 


IntT 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , 

P3 6 , P3 5 , and P3 4 work as S RD y, CLK, Sout. and S| N pins, respectively. 

Also P3 3 and P3 2 work as CNTR pin and the lowest order interrupt input pin (INT2) , respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 


P6 ~P6 7 


Output port P6 


Output 


Port P6 is an 8-bit output port. The output structure is N-channel open drain. 


A ~A 13 


Output port A 


Output 


Port A is for addresses to an EPROM mounted on the top of the package. 


D ~D 7 


Input port D 


Input 


Port D is for input data from an EPROM mounted on the top of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M50742-PGYS and the 
M50742-XXXSP/M50708-XXXSP are explained below. As 
all other points are the same, only the differences are ex- 
plained. 



MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The address of EPROM 
is E000 16 to FFFF 16) having 8K bytes. Other than this, the 
M50742-PGYS has the same functions as the M50742- 
XXXSP/M50708-XXXSP have. 



Zero page < 



RAM 
(128 bytes) 



0000 16 

007F 16 

00E0 1€ 
00FF 16 



External ROM 
(8K bytes) 



E000 ie 



FF00 16 



Special 
page for 
subroutine 
call 



< FFF4 16 



FFFF 1£ 





Not used 




Not used 






i Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 



Decimal 




1 27 



255 



INT 2 \ 

S I/O or timer 2 \ 

Timer 1 \ 

Timer X 

INtT 

RESET 
65535 



' OOE0 16 


Port PO 


00E1 16 


port po ?i r g -;L° r nal 


00E2 16 


Port P1 


00E3 16 


p_ rt P1 directional 
KOrt K1 re gi ster 


00E4 16 


Port P2 


00E5 16 


Drtrf DO directional 
HON rV register 


00E6 16 




00E7 16 




00E8 16 


Port P3 


00E9 16 


Dnri D<a directional 
ron f\5 register 


OOEA^ 


Port P4 


00EB 16 


D<-«rt D/i directional 
ron r^ register 


00EC 16 


Port P5 


00ED 16 




00EE 16 


Port P6 


00EF 16 




00F0 16 




00F1 16 




00F2 16 




00F3 16 




00F4 16 




00F5 16 




00F6 16 


Serial I/O mode register 


00F7 16 


Serial I/O register 


00F8 16 




00F9 16 


Timer 1,2 prescaler 


O0FA 16 


Timer 1 


00FB 16 


Timer 2 


O0FC 16 


Timer X prescaler 


00FD 16 


Timer X 


00FE 16 


Interrupt control register 


\ 00FF 16 

\ 


Timer control register 



Flg.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50742-XXXSP/ 
M50708-XXXSP only in the memory expanding mode of the 
processor mode. Figure 2 shows the external memory area 
when the M50742-PGYS is in the memory expanding mode. 
All other processor modes are identical to those of the 
M50742-XXXSP/M50708-XXXSP. 



PRECAUTION FOR USE 

(1) When developing programs with the M50742-PGYS 
use the ROM area from F000 16 to FFFF 16 as the capac- 
ity of the M50742-XXXSP/M50708-XXXSP ROM is 4k 
bytes. 

(In the case of the M5L2764K and the M5L27128K use 
the areas from 1000 16 to 1FFF 16 and from 3000 16 to 
3FFF 16) respectively.) 

(2) The M50742-PGYS has no options as the M50742- 
XXXSP/M50708-XXXSP. 



FFFF 16 










E000 16 


External EPROM 




^^^^H 




0100 16 
00E8 16 - 


^^^^^^ 




Timers, Port P3, etc. 


^^^H 


0080! 6 


^^^« 




Internal RAM 




0000 16 






Hatching indicates external m< 


smory area. 



Fig. 2 Memory map In memory expanding mode 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s pin. 
Output transistor off. 


-0.3—7 


V 


v, 


Input voltage RESET, X, N , D ~D 7 


-0.3—7 


V 


v. 


Input voltage P4 ~P47 


— 0. 3— Vcc-H). 3 


V 


v, 


Input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7l P5 ~P5 7l IntT 


-0.3—11 


V 


V, 


Input voltage CNV S s 


-0.3—13 


V 


Vo 


Output voltage P4 ~P4 7 , X ut. 0. A ~A 13 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P1a P2 ~P2 7 
P3 ~P3 7 , P6 ~P6 7 


-0.3—11 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


Topr 


Operating temperature 




-10—70 


°c 


Tstg 


Storage temperature 




-40—125 


°C 
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RECOMMENDED OPERATING CONDITIONS (7 


a =-10 


~70°C, V CC = 5V±5%, 


Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


Vss 


Supply voltage 









V 


V,h 


"H" input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 . P4 ~P4 7 , P5 ~P5 7 


0. 8V CC 




Vcc 


V 


INT,, RESET, Xin, CNVss 


V IH 


"H" input voltage D ~D 7 


0. 45V CC 




Vcc 


V 


V, L 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3o~P3 7 , P4 ~P4 7 , P5 ~P5 7 
TrTh, CNVss 







0. 2V CC 


V 


v, L 


"L" input voltage RESET 







0. 12V CC 


V 


v IL 


"L" input voltage X| N 







0. 16V CC 


V 


V, L 


"L" input voltage D ~D 7 







0. 15 V cc 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P6 ~P6 7 
(Note 1 ) 






5 


mA 


'oH(peak) 


"H" peak output current P4 ~P4 7 , 






-10 


mA 


loH(avg) 


"H" average output current P4 ~P4 7 , (Note 1) 






-5 


mA 


f(x, N ) 


Internal clock oscillating frequency 






4 


MHz 



unless otherwise noted) 



Note 1 ". The average values of output currents l L(avg). 'oH(avg) are tne average values 

period of 100ms. 

2 : Ports P0, P1, P2, P3, P5, and IN^ can be input with high-level voltages up to 9V. 



taken over a 



ELECTRICAL CHARACTERISTICS (Vcc = 5V, V ss = 0V, T a = 25°C , f (X|N , = 4MHz p unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P4o~P4 7 


Ioh = —10mA 


3 






V 


Vqh 


"H" output voltage <f>, A ~A 13 


Ioh= -2.5mA 


3 






V 


Vol 


"L" output voltage P0 ~ P0 7> P1 ~P1 7 
P2 ~P2 7) P3 ~P3 7 
P6 ~P6 7 


Iol= 10mA 






2 


V 


Vol 


"L" output voltage <fi, Ao~A 13 


Iol = 5mA 






2 


V 


V T+ -V T - 


Hysteresis P36 


When used as CLK input 


0.3 




1 


V 


V t +-V t _ 


Hysteresis INT1 




0.3 




1 


V 


V T +-V T - 


Hysteresis P32 


When used as INT 2 input 


0.3 




1 


V 


V T +-V T - 


Hysteresis P3 3 


When used as CNTR input 


0.3 




, 1 


V 


V t +-V t _ 


Hysteresis RESET 






0.5 


0.7 


V 


Vt+-V t _ 


Hysteresis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P0 ~P0 7l P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


V, = ov 






-5 


MA 


IlL 


"L" input current P4 ~P4 7 


V, = 0V 






-5 


juA 


IlL 


"L" input current INT1, RESET, X, N , D ~D 7 


V, = 0V 






-5 


juA 


llH 


"H" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


V, = 9V 






9 


juA 


I.H 


"H" input current P4 ~P4 7 


V, = 5V 






5 


UA 


I.H 


"H" input current INT1, RESET, X| N , D ~D 7 


Vi =.5V 






5 


M A 


'cc 


Supply current 


P4o~P4 7 are connected to Vcc; output pins 
are open; input and input/output pins other 
than P4o~P4 7 are connected to V S s- 




3 


6 


mA 



Note 3 : Limit the sum l L(peak) °f P°rts P0, P1, P2, P3, and P6 to less than 80mA. 
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DESCRIPTION 

The M50743-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputer M50743-XXXSP. The M50743-PGYS, being 
housed in a piggyback-type 64-pin shrink DIP, is compati- 
ble with the M50743-XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 
The M50743-PGYS simplifies the development of programs 
for the M50743-XXXSP and is excellent for making pro- 
totypes. 



DISTINCTIVE FEATURES 

• Differences with the M50743-XXXSP are: 

(1) ROMIess, EPROM is attached externally 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 

APPLICATION 

Development of programs for VCR, tuners, and audio 
equipment. 



PIN CONFIGURATION (TOP VIEW) 



Output port P6 



I/O port P4 



Vcc 

P6 7 - 

P6 6 - 

P6 5 - 

P6 4 - 

P63- 

P6 2 < 

P6^ 

P6 < 

P4 7 < 

P4 6 < 

P4 5 < 

P4 4 < 

P4 3 < 

P4 2 < 

P4^ 

P4o« 

P3 7 /Sr DY ■* 

P3 6 /CLK- 

P3s/Sout * 

P3„/S, N « 

P3 3 /CNTR - 

P3 2 /iNT^* 

P3,- 

P3„ * 

Interrupt input INT, - 
CNV SS 



I/O port P3 



Reset input RESET - 

Clock input X, N - 

Clock output Xout ■* 

Timing output <t>- 

Vss 



E 

-u 

-E 
-E 
-E 
-E 
-E 
-E 
-E 
► Go 

►E 

►in 

>E 

■ E 
•E 
-E 
■E 

■ E 

■ E 

'[20 

■E 

[22 

E 
■E 



E 



\7 



28-pin socket for EPROM 



Vcc ® I 

Vcc © ' 

A 13 © I 

I 

A 8 (25) I 

A 9 © | 

An (g) | 

Vss © ! 

A10 @ I 

Vss © I 

D 7 @ I 

D 6 @ I 

D 5 © , 

D 4 ©| 

D 3 ©j 



r6v c 


I ©A, 


|® A 7 


'© A 6 


I© A 5 


j© A 4 


i® A 3 


|® A 2 


!® A, 


I© A 


I© D 


]© 0, 


I© D 2 

'(14) Vco 



L__ _ 



M50743-PGYS 



Outline 64S1M 



64] -» 
63] •» 

So]* 

1- 



1- 
1. 
sl« 

50] >• 
49]-. 

g. 

1, 

46]* 
45]* 
44]* 

g. 

1. 

]5] + 

1. 
1* 

36]*- 
35] ♦■ 
!«: 



►P2 
►P2, 
►P2 2 
►P2 3 
►P2 4 
►P2 5 
►P2 6 
►P2 7 
'POo 
►PO, 
-P0 2 
-P0 3 
>P0 4 
■P0 5 
■P0 6 
■P0 7 
P1o 
P1i 
P1 2 
P1 3 
P14 
P1 5 
■P1e 
P1 7 
P5 
P5 1 
P5 2 
P5 3 
P5 4 
P5 5 
P5 6 
P5 7 



I/O port P2 



I/O port PO 



I/O port P1 



Input port P5 



The symbol "O" indicates sockets for EPROM. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
V ss 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V ss . 


CNVss 


CNVss 




This is usually connected to Vss. ^ 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X ut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the X ut pin should be left open. ^ 


XoUT 


Clock- output 


Output 


<f> 


Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an output pin for the timer X. 


TntT 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as. 
input "or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 


P1 ~P17 


I/O port P1 


I/O 


Port Pi is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , 

P3 6 , P3 5 , and P3 4 work as Srdy. CLK, Sout, and S| N pins, respectively. 

Also P33 and P32 work as CNTR pin and the lowest order order interrupt input pin (INT2) , respectively? 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 


P6 ~P6 7 


Output port P6 


Output 


Port P6 is an 8-bit output port. The output structure is CMOS output. 


A ~A 13 


Output port A 


Output 


Port A outputs to the address of the EPROM mounted on top of the package. 


D ~D 7 


Input port D 


Input 


Port D inputs from the address of the EPROM mounted on top of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M50743-PGYS and the 
M50743-XXXSP are explained below. As all other points 
are the same, only the differences are explained. 



MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The address of EPROM 
is E000 16 to FFFF 16 , having 8k bytes. Other than this, the 
M50743-PGYS has the same functions as the M50743- 
XXXSPhas. 



Zero page 



RAM 
(128 bytes) 



0000 1£ 



007F 16 



00E0 16 
00FF 16 



External ROM 
(8K bytes) ' 



E000 16 



Special 
page for 
subroutine 
call 



FF00 16 



FFF4 16 



FFFF 16 





Not used 




Not used 






Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 



Decimal 




255 



\ 



INT 2 
S I/O or timer 2 
Timer 1 
Timer X 

IntT 



65535 



RESET 



/OOEOie 


Port PO 


00E1 16 


Pnrt Pfl Directional 
run ru register 


00E2 16 


Port P1 


00E3 16 


n np » oi Directional 
rOn ri re gi S ter 


00E4 16 


Port P2 


00E5 16 


Pnrt p O Directional 
run re register 


00E6 16 




00E7 16 




00E8 16 


PortP3 


00E9 16 


Port P3 reS?" 3 ' 


00EA 16 


Port P4 


O0EB 16 


Pnrt P4 Directional 
ru i' ■ *t register 


O0EC 16 


Port P5 


00ED 16 




00EE 16 


Port P6 


00EF 16 




00F0 16 




00F1 16 




00F2 16 




00F3 16 




00F4 16 




00F5 16 




00F6 16 


Serial I/O mode register 


00F7 16 


Serial I/O register 


00F8 16 




00F9 16 


Timer 1, 2 prescaler 


00FA 16 


Timer 1 


00FB 16 


Timer 2 


00FC 16 


Timer X prescaler 


\ 00FD 16 


Timer X 


\ 00FE 16 


Interrupt control register 


\00FF 16 


Timer control register 



Fig.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50743-XXXSP only 
in the memory expanding mode of the processor mode. 
Figure 2 shows the external memory area when the 
M50743-PGYS is in the memory expanding mode. All other 
processor modes are identical to those of the M50743- 
XXXSP. 



PRECAUTION FOR USE 

When developing programs with the M50743-PGYS, care- 
fully consider the ROM capacity of the M50743-XXXSP. 
In the case of the M50743-XXXSP, use the ROM area from 
F000 16 to FFFF 16 . 

(In the case of the M5L2764K and the M5L27128K use the 
areas from 1000 16 to 1FFF 16 and from 3000 16 to 3FFF 16 , 
respectively.) 



FFFF 16 



E000 16 

0100 16 
O0E8 16 



0080 16 



0000 16 



External EPROM 


1 


lllil 


i 


Timers, port P3 


1 


111 


n 


Internal RAM 



Hatching indicates external memory area. 



Fig. 2 Memory map in memory expanding mode 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V ss 

With the output transistor isolated. 


-0.3—7 


V 


V, 


Input voltage, RESET, X, N , INT,, P5 ~P5 7 , D ~D 7 


—0.3—7 


V 


V, 


Input voltage, P0 ~P0 7> PI ~P1 7, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 


-0. 3—Vcc-r-O. 3 


V 


V, 


Input voltage, CNV S s 


—0.3—13 


V 


Vo 


Output voltage, P0 ~P0 7 , P1 ~P1 7) P2 ~P2 7l P3 ~P3 7 
P4 ~P4 7 , P6 ~P6 7 , Xout, <t>, A ~A 13 


-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 
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RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a = -10~70°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


Vss 


Supply voltage 









V 


V,H 


"H" input voltage, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 


0. 8V CC 




Vcc 


V 


INTi. RESET, X| N , CNVss 


V, H 


"H" input voltage, D ~D 7 


0. 45V CC 




Vcc 


V 


V 1L 


"L" input voltage, P0 ~P0 7l P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7> P4 ~P4 7 , P5 ~P5 7 
INTT, CNVss 







0. 2V CC 


V 


V,L 


"L" input voltage, RESET 







0. 12V CC 


V 


V, L 


"L" input voltage, X| N 







0. 16V CC 


V 


v IL 


"L" input voltage, D ~D 7 







0. 15V CC 


V 


'oL(peak) 


"L" peak output current P0 o ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7 , P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current P0 o ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7 , P6 ~P6 7 
(NoteD 






5 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7) P3 ~P3 7 
P4o~P4 7 , P6 ~P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0 ~P0 7 , P1o~P17 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7 , P6 ~P6 7 
(NoteD 






-5 


mA 


f(x IN ) 


Internal clock oscillating frequency 






8 


MHz 



Note 1 : The average output currents l i_(avg) ancJ loH(avg) are tne average value of a period of 100ms. 
' 2 '. Do not allow the combined current of the fllowing ports to exceed stated values. 

loL(peak) of P0, P1 , P2, P3, P4 and P6 not to exceed 80mA. loH(peak) o f P2 not to exceed 50mA. 
'oH(peak) of P° and P1 not to exceed 30mA. 'oH(peak) o f P3, P4 and P6 not to exceed 30mA. 

ELECTRICAL CHARACTERISTICS (T a = 25°C, V cc = 5V, V ss = 0V, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage, P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 . P6 ~P6 7 


Ioh = —10mA 


3 






V 


Vqh 


"H" output voltage, $, A ~A 13 


l OH = -2.5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7 , P1 ~P17- P2 ~P2 7 
P3o~P3 7> P4 ~P4 7 , P6 ~P6 7 


l OL =10mA 






2 


V 


Vol 


"L" output voltage, <f>, A ~A 13 


Iol = 5mA 






2 


V 


V t +-V t - 


Hysteresis, P3 6 


When used as CLK input 


0.3 




1 


V 


V T +-V T _ 


Hysteresis, INTi 




0.3 , 




1 


V 


V t +-V t - 


Hysteresis, P3 2 


When used as INT 2 input 


0.3 




1 


V 


V t +-V t _ 


Hysteresis, P3 3 


When used as CNTR input 


0.3 




1 


V 


V t +-V t - 


Hysteresis, RESET 






0.5 


0.7 


V 


V t +-V t _ 


Hysteresis, X| N 




0.1 




0.5 


V 


Iil 


"L" input current P0 o ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7> P4 ~P4 7 , P5 ~P5 7 • 


V, = OV 






—5 


ma 


P6 ~P6 7 , INTl RESET, X, N 
D ~D 7 


llH 


"H" input current P0 ~P0 7 , P1 ~P1 7 , P2o~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 


V, = 5V 






5 


M 


P6 ~P6 7 , INTl RESET, X, N ■ 
D ~D 7 


'cc 


Supply current 


Output pins opened, input and input/output 
pins at V S s and a square wave input at X| N . 




6 


12 


mA 
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DESCRIPTION 

The M50745-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputer M50745-XXXSP. The M50745-PGYS, being 
housed in a piggyback-type 64-pin shrink DIP, is compati- 
ble with the M50745-XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 
The M50745-PGYS simplifies the development of programs 
for the M50745-XXXSP and is excellent for making pro- 
totypes. 



DISTINCTIVE FEATURES 

• Differences with the M50745-XXXSP are: 

(1) ROMIess, EPROM is attached externally, 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 

APPLICATION 

Development of programs for VCR, tuners, and audio 
equipment. 



PIN CONFIGURATION (TOP VIEW) 








V^ 




f P4 2 ~[T 




54] ~ P4 3 ; 




I/O port P4 J P4 i +♦- [T 




6|] ** P4 4 




i P4 — [T 


28-pin socket for EPROM 


m^P4 5 ■ 


*- I/O port P4 


f P2 7 - E 




6l]^P4 6 




I/O port P2 j p 26 _[J 




60]~P4 7 ^ 




^ NC [7 


^ * -N 


1 V cc 


NC Q 


RD V cc ^ Vcc ® I 


m nc 




NC [[ 

r P2 5 ** d 


1 1 
1 © A 12 V cc © I 


57] NC 

U - P0 ^ 






P2 4 «-[To 


® A 7 A 13 @ | 


55] — Pd 




I/O port P2 « 


P2 3 .**[77 

P2 2 ~[l2 


I © A 6 A 8 @ ! 


54] «~P0 2 
53] ~P0 3 






P2 t *+ Q3 


| © A 5 A 9 (24) [ 


m ^po 4 


► I/O port PO 


/• 


w _P2o~[E 


!© A 4 A„ @| 


Hi— po 5 






P3 7 /S RDY ~[25 


1 


H— po 6 






P3 6 /CLK— d 


J® A3 V ss @l 


U ~ P0 7 j 






P3 5 /S OU T^[iZ 


|®A 2 A 10 ©| 


iU**pi * 




I/O port P3 1 


P3 4 /S, N ~[J8 
P3 3 ~[[9 


! © A 1 v ss © j 


47j~P1i 






P3 2 **[]o 

P3i «* Hi 


I © A D 7 @ | 


3H**P1a 

44] —P1 4 


* I/O port P1 




P3 — [22 


! © Do D 6 @ ! 


1-P1 5 




Timer input/output CNTR *+,[23 


*©D, D 5 @ 


H — pi 6 




. . .. f TNTT — [24 

Interrupt input <l J= 
(^ INT 2 — [25 


i I 
I OD D 2 D 4 (16) I 


ID-P17 J 




1 \^/ £ l -' 4 VjJ/ 1 


40) *- P5 ^ 




CNVss H 


1 © V ss D 3 © | 


U- P5, 




Reset input RESET -♦ [27 


1 " ..J 


M+~ P5 2 




Clock input X )N -* [28 




U— P5 3 




Clock output Xqut *- HI 




J6J *- P5 4 


^ Input port P5 


Timing outp 


ut 


0«- [30 




H«- P5 5 

E — P5 6 




Reset outpu 


t RES 


ETouT^II 


V ss E 


M50745-PGYS 


33] — P5 7 , 






Outline 64S1M 






The symbol "O" indicates sockets for EPROM. 




NC: No connection. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to Vss- 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/iS (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xim and X ut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 


<f> 


Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an output pin for the timer X. 


INT^ 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


INT2 


Interrupt input 


Input 


This is the lowest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , 
P36, P35, and P3 4 work as Srdy, CLK, Sout. and S iN pins, respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is P- 
channel open drain. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 




Reset output 


Output 


This pin outputs the reset signal for peripheral devices. 


RESETqut 


A ~A 13 


Output port A 


Output 


Port A outputs to the address of the EPROM mounted on top of the package. 


D ~D 7 


Input port D 


Input 


Port D inputs from the address of the EPROM mounted on top of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M50745-PGYS and the 
M50745-XXXSP are explained below. As all other points 
are the same; only the differences are explained. 



MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The address of EPROM 
is E000 16 to FFFF 16) having 8K bytes. Other than this, the 
M50745-PGYS has the same functions as the M50745- 
XXXSP has. 



Zero page < 



RAM 
(192 bytes) 



0000, 6 

00BF 16 

00E0 16 
00FF 16 



External ROM 
(8K bytes) 



E000,, 



( FF00 16 



Special 
page for 
subroutine 
call 



FFF4 16 



FFFF 1( 





Not used 




Not used 






Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 


Address 
Address 


L 
H 



Decimal 




191 



255 



\ 

INT 2 \ 

S I/O or timer 2 ^ 

Timer 1 \ 
\ 
Timer X \ 

tnt; \ 



65535 



RESET 



00E0 16 


Port P0 


00E1 16 


Port P0 r D e Sr al 


00E2 16 


Port P1 


00E3 16 


PortPlSr 1 


00E4 16 


Port P2 


00E5 16 


Port P2 r D e 'Sr' 


00E6 16 




00E7 16 




00E8 16 


Port P3 


00E9 16 


n nr * no Directional 
KOrt hU register 


00EA 16 


Port P4 


00EB 16 


Port P4 r D e Sr al 


00EC 16 


PortP5 


00ED 16 




00EE 16 




00EF 16 




OOF0 16 




00F1 16 




00F2 16 




O0F3 16 




00F4 16 




00F5 16 




O0F6 16 


Serial I/O mode register 


00F7 16 


Serial I/O register 


O0F8 16 




00F9 16 


Timer 1, 2 prescaler 


00FA 16 


Timer 1 


00FB 16 


Timer 2 


00FC 16 


Timer X prescaler 


00FD 16 


Timer X 


00FE 16 


Interrupt control register 


\ 00FF 16 


Timer control register 



Fig.1 Memory map 



4-20 



MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50745-PGYS 

PIGGYBACK for M50745-XXXSP 



PROCESSOR MODE 

External memory area differs from the M50745-XXXSP only 
in the memory expanding mode of the processor mode. 
Figure 2 shows the external memory area when the 
M50745-PGYS is in the memory expanding mode. All other 
processor modes are identical to those of the M50745- 
XXXSP. 



FFFF 16 










E000 16 


External EPROM 




11111111B 




0100 16 
00E8 16 
00E0 16 

00C0 16 


^^^^^m 




Timers, port P3, etc. 


Ports P0—P2 


^^B 








0000 16 


Internal RAM 




Hatching indicates external memory area. 



PRECAUTION FOR USE 

(1) When developing programs with the M50745-PGYS, - 
carefully consider the ROM capacity of the M50745- 
XXXSP. 

In the case of the M50745-XXXSP, use the ROM area 
from E800 16 to FFFF 16 . 

(In the case of the M5L2764K and the M5L27128K use 
the areas from 0800 16 to 1FFF 16 and from 2800 16 to 
3FFFi 6 , respectively.) 

(2) The M50745-PGYS has no options as the M50745- 
XXXSP. 



Fig. 2 Memory map in memory expanding mode 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

With the ottput transistor isolated. 


-0.3—7 


V 


V, 


Input voltage, RESET, X| N , D ~D 7 


-0.3—7 


V 


v, 


Input voltage, P4 ~P4 7 


-3. 0~Vcc+0. 3 


V 


V, 


Input voltage, P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 

P3 ~P3 7 , P5 ~P5 7 , CNTR, TntT, TnT^. 
CNVss 


-0.3—13 


V 


Vo 


Output voltage, P4 ~P4 7 , X ut. <f>, RESETout, A ~A 13 


-0.3— Vcc+0.3 


V 


Vo 


Output voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7 
CNTR 


-0.3—13 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 
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RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a = -10~70C unless otherwise noted) 



• Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


v 


V S s 


Supply voltage 









V 


V,H 


"H" input voltage, P0 ~P0 7 , Plo—Ply. P2 ~P2 7 , 
P3o~P3 7 , P4 ~P4 7 , P5o~P5 7l 


0. 8V CC 




Vcc 


V 


CNTR, INTl INT 2l RESET, X, N , 
CNV SS 


V IH 


"H" input voltage, D ~D 7 


0. 45V CC 




Vcc 


V 


VlL 


"L" input voltage, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , . 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 
CNTR, TntT, INT^, CNVss 







0. 2V CC 


V 


v, L 


"L" input voltage, RESET 







0. 12V CC 


V 


v, L 


"L" input voltage, X| N 







0. 16V CC 


V 


v, L 


"L" input voltage, D ~D 7 







0. 15V CC 


V 


f(x IN ) 


Internal clock oscillating frequency 






4 


MHz 



Note 



: A hi gh-le vel input voltage of up to +12V may be applied to ports P0, P1, P2, P3, P5, CNTR,. INT r 
and INT 2 . 



ELECTRICAL CHARACTERISTICS (T a - 25°C , V cc = 5V, V ss = OV, f (X|N ) = 4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage, P4 ~P4 7 


l OH = -10mA 


3 






V 


Vqh 


"H" output voltage, <f>, RESET ut. A ~A 13 


l OH =-2.5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7 , P1 ~P17. P2 ~P2 7> 
P3 ~P3 7 , CNTR 


l O L=10mA 






2 


V 


Vol 


"L" output voltage, 0, RESET ut> Ao^-A^ 


Iol = 5mA 






2 


V 


V T +-V T - 


Hysteresis, P3 6 


When used as a CLK input 


0.3 




1 


V 


V t +-V t - 


Hysteresis, CNTR, INT^ INT2" 




0.3 




1 


V 


V t +-V t - 


Hysteresis, RESET 






0.5 


0.7 


V 


V T +-V T - 


Hysteresis, X| N 




0.1 




0.5 


V 


I.l 


"L" input current P0 ~P0 7 , Pl ~Pl7, P2 ~P2 7 , 
P3 ~P3 7 , P5 ~P5 7 


V, = 0V 






-5 


/uA 


Iil 


"L" input current P4<j~P4 7 


V, = OV 






-5 


MA 


I.L 


"L" input current CNTR, INTl INT 2 , RESET, 
X, N , D ~D 7 


V, = OV 






-5 


/uA 


I.H 


"H" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3 ~P3 7> P5 ~P5 7 


V, = 12V 






12 


juA 


I.H 


"H" input current P4 ~P4 7 


V, = 5V 






5 


juA 


I.H 


"H" input current CNTR, INT 1p INT 2 , RESET, 
X| N , D ~D 7 


V, = 5V 






5 


juA 


Ice 


Supply current 


P4 ~P4 7 at Vcc. output pins opened, and 
input and input/output pins other than P4 ~ 
P4 7 at V ss . 




3 


6 


mA 
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DESCRIPTION 

The M50752-PGYS is an EPROM mounted-type micro.- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M50757-XXXSP/M50752-XXXSP. The 
M50752-PGYS, being housed in a piggyback-type 52-pin 
shrink DIP, is compatible with the M50752-XXXSP. 
There is a 28-pin socket on the upper surface so that the 
M5L2732K or the M5L2764K EPROM may be used. 
The M50752-PGYS simplifies the development of programs 
for the M50757-XXXSP/M50752-XXXSP and is excellent for 
making prototypes. 



DISTINCTIVE FEATURES 

• Differences with the M50752-XXXSP/M50757-XXXSP 
are: 

(1) ROMIess, EPROM is attached externally 

(2) Suitable EPROM is the M5L2732K or the M5L2764K. 

APPLICATION 

Development of programs for VCR, tuners, and audio 
equipment. 



PIN CONFIGURATION (TOP VIEW) 






w 






P2 7 -u 

P2 6 **[7 


28-pin socket for EPROM 


1 1 

10 j v - 




P2 5 **CE 

P2 4 ~E 


1 KT 1 

i'Ovcc v cc @: 


5o]~ P3 " 
49]*- P3, 




I/O port P2 < 


P2 3 **[? 
P2 2 **[T 
P2, — [7 


1 

'© A 12 V cc @ 

I 

I ® A 7 V cc © | 


48]** P3 2 

13** P3 3 
46]** p3 4 


► I/O port P3 




P2 **[7 
NC [T 


| A 6 A 8 © j 


45]** P3 5 
44]** P3 6 






'po 7 -**Qo 


j © A 5 A 9 © ] 


43]** P3 7 






P0 6 — [n 


! © A 4 An © I 


42]~ P1o ' 






po 5 -m 


L 


4l]** P1, 




I/O port PO • < 


po 4 ~[n 

po 3 ^Ei 
po 2 —[il 


I © A 3 V ss @ | 
© A 2 A 10 © | 


40]~ P1 2 
1- P1 3 
38]** P1 4 


► I/O port P1 




po, **[T6 


' © A, V ss © | 


m- pi 5 






poo —in 


© A D 7 © j 


U** pi 6 




Timer output and interrupt input Jnj? ■*"*' [H 




U** pi 7 J 




Interrupt input ^gj — »[T9 


j © D D 6 © ! 


34]*- V P Pull-down voltage input 


NC [20 


I © D, D 5 © 


33] -* Timing output 


CNV S s H? 
Reset input RESET -*[H 
Clock input X IN -♦ [23 


1 

1 © D 2 D 4 © 

; © V ss D 3 © . 

L 1 


32]*- R "j 

3l]*- Ri 

zr > Input port R 

U*- R 2 I 


J XoUTF ■*— Hi 

Clock output < ., r= 
[ Xquts +- [25 


HI-R3J 

28] — »- Xcout Clock output for timer X 


V ss H 


M50752-PGYS 


27J *- Xcin Clock input for timer X 




Outline 52S1M 




The symbol "O" indicates socket for EPROM. 




NC: No connection. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
V S s 


Supply voltage 




Power supply inputs 5V± 10% to V cc , and OV to V S s- 


CNVss 


CNVss 




This is usually connected to V S s- 


v P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports P1, P3, P2 6 and P2 7 . 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X, N 


Clock input 


Input . 


This chip has an internal clock generating circuit. To control generating frequency, a resistor is connected 
between the X| N and Xouts or the X utf pins. If an external clock is used, the clock source should be con- 
nected to the X| N pin and the Xouts and Xoutf pins should be left open. 


XoUTS 


Clock output 


Output 


This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a resistor between this pin and X| N pin. 


XoUTF 


Clock output 


Output 


This is output pin from internal clock generating circuit. The generating frequency can be controlled by 
connecting a resistor between this pin and X| N pin. 


<t> 


Timing output 


Output 


This is the timing output pin. 


XciN 


Clock I/O for timer X 


Input 


These are I/O pins of the clock oscillating circuit for the timer X. To control generating frequency, an exter- 
nal ceramic or a quartz crystal oscillator is connected between the Xcmpin and X C out pin. 


XcOUT 


Output 


INT t 


Interrupt input 


input 


This is the lowest order interrupt input pin. 


INT 2 


Time output or 
interrupt input 


I/O 


This is in common with an output for the time X and an interrupt input pin. 


Ro~R3 


Input port R 


Input 


Port R is a 4-bit input"T>ort. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P1o~P1r 


Output port P1 


Output 


Port P1 is an 8-bit output port. 

The output structure is P-channel open drain. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. For P2 6 and P2 7 pins, output 
structure is P-channel open drain, and a pull-down transistor is built in between the V P pin. 


P3 ~P3 7 


Output port P3 


Output 


Port P3 is an 8-bit output port and has basically the same functions as port P1. 


A ~A 12 


Output port A 


Output 


Port A outputs the address of the EPROM loaded on the top side of the package. 


D ~D 7 


Input port D 


Input 


Port D takes the input data from the EPROM loaded on the top side of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M50752-PGYS and the 
M50757-XXXSP/M50752-XXXSP are explained below. As 
all other points are the same, only the differences are ex- 
plained. 



MEMORY 

The metnory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The address of EPROM 
is 0100 16 to 1FFF 16 , having 7936 bytes. Other than this, the 
M50752-PGYS has the same functions as the M50752- 
XXXSP has. Actually, ROM area depends on EPROM 
capacity. 



Zero page < 

External ROM < 
(7936 bytes) 


RAM 
(128 bytes)' 

> 

Subroutine 

Special 
page ' 
for 

subroutine 
call 


, oooo 16 

^ 007F 16 

00DF 16 

00FF 16 
0100 16 

1000 16 
1400,6 

r 1F00 16 

1FF4 16 
MFFF 16 




Decimal > 

o 

/ 

/ 
/ 
/ 
/ 
/ 
127 / 
/ 
/ 
/ 
/ 
/ 

255 

\ 
\ 

\ 
\ 
\ 

\ 
\ 
\ 

\ 

\ 
\ 

\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
INT, . \ 

Timer 2 ^ 

Timer 1 ^ 

Timer X \ 

TntI \ 


7 43 bit 


00DF 16 
00E0 16 
00E1 16 
0OE2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
O0E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
OOF0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
00FE 16 
00FF 16 


| Port R 






Port P0 


Port DO directional 
ron ru register 


Port P1 




Not used 


Port P2 


Pnrt P9 directional 
ron r^ register 








Port P3 










































Timer 1 and 2 prescaler 


Address L 
Address H 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer X prescaler 


Address L 
Address H 


Timer X 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 


8191 RESET 











Fig.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50757-XXXSP/ 
M50752-XXXSP only in the memory expanding mode of the 
processor mode. Figure 2 shows the external memory area 
when the M50752-PGYS is in the memory expanding mode., 
All other processor modes are identical to those of the 
M50757-XXXSP/M50752-XXXSP. 



1FFF 16 












External EPROM 




0100 16 
00E8 16 






Timers, port P3, etc. 




Ports P0—P2 and R 




00D0 16 






^^^^^^^^ 


0080 16 


^^^^^^^^ 




Internal RAM 






Hatching indicates external memory area. 



PRECAUTION FOR USE 

(1) Because of the loading of the EPROM, the external 
dimensions differ from those of the M50757-XXXSP/ 
M50752-XXXSP, being 19.0 X 50.8mm. Lower pin 
measurements are the same. 

(2) When developing programs with the M 50752- PGYS, 
carefully consider the ROM capacity of the M50757- 
XXXSP/M50752-XXXSP. 

In the case of the M50757-XXXSP, use the ROM area 

from 1400 16 to 1FFF 16 . 

(In the case of the M5L2732K use the areas from 

0400 16 to0FFF 16 .) 

In the case of the M50752-XXXSP, use the ROM area 

from 1000 16 to 1FFF 16 . 

(In the case of the M5L2732K use the areas from 

0000 16 toOFFF 16 .) 



Fig. 2 Memory map in memory expanding mode 



4-26 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50752-PGYS 

PIGGYBACK for MS0752-XXXSP. MS0757-XXXSP 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


Measured using V S s as standaard. 
Output transistor is interrupted. 


-0.3—7 


V 


V P 


Supply voltage 


Vcc-35~Vcc+0. 3 


V 


V, 


Input voltage Ro~R 3 , CNV S s, RESET, X| N , X C in. D ~D 7 


—0. 3— 7 


V 


v, 


Input voltage Wf~,, W)>, P0 ~P0 7 , P2 ~P2 5 


-0.3—13 


V 


Vo 


Output voltage X 0U tf. X 0U ts. X C out, <t>. A ~Ai 2 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage INT 2 , P0 ~P0 7 , P2 ~P2 5 


-0.3—13 


V 


Vo 


Output voltage P1 ~P17, P3 ~P3 7 , P2 6 , P2 7 


Vcc-35~Vcc+0. 3 


V 


Pd 


Power consumption 


T a =25°C 


1000 


mW 


T opr 


Operating temperature 




— 10—70 


°C 


Tstq 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS d a = -10~70°C and V CC =5V±5% unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


, 5 


5.25 


V 


v P 


Supply voltage 


Vcc-33 




Vcc 


V 


V ss 


Supply voltage 









V 


V, H 


"H" Input voltage R ~R3 


0.4V CC 




Vcc 


V 


V, H 


"H" Input voltage RESET 


0. 8V CC 




Vcc 


V 


V, H 


"H" Input voltage CNV S s> X| N , X C in 


0. 8V CC 




Vcc 


V 


V IH 


"H" Input voltage IntT, INT^, P0 ~P0 7 , P2 ~P2 5 


0.8V CC 




Vcc 


V 


V 1H 


"H" Input voltage D ~D 7 


0.45V CC 




Vcc 


V 


v, L 


"L" Input voltage R ~R3, X| N , X C i N 







0.12V CC 


V 


v 1L 


"L" Input voltage RESET 







0.12V CC 


V 


v, L 


"L" Input voltage CNV SS > iNTi, INT* P0 ~P0 7 , P2 ~P2 5 







0.2V CC 


V 


v, L 


"L" Input voltage Do~D 7 







0.15V CC 


V 


f(x IN > 


Internal clock oscillating frequency 






4 


MHz 



ELECTRICAL CHARACTERISTICS (Vcc = 5V±5%, V ss = OV, and f (X|N , = 4MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


Output voltage P1 ~P1 7 , P3 ~P3 7 , P2 6 , P2 7 


V C c=5V, T a =25°C 
l H=-12mA 


3 






V 


Vqh 


Output voltage, <p, Ao~A 12 


V CC =5V, T a =25°C 
Ioh =— 2. 5mA 


3 






V 


Vol 


Output voltage INT^, P0 ~ P0 7 , P2 ~P2 5 


V C c=5V, T a =25°C 
l OL =10mA 






2 


V 


Vol 


Output voltage </>, A ~Ai2 


Vcc=5V, T a =25°C 
loL = 5mA 






2 


V 


V t +-V t _ 


Hysteresis IntT, INtl 


Vcc=5V, T a =25°C 


0.3 




1 


V 


V t +-V t - 


Hysteresis RESET 


Vcc=5V, T a =25°C 




0.4 


0.7 


V 


Iil 




V C c=5V, T a =25°C 
0^V,^5V 


-5 




5 


juA 


Input leak current P0~P3, CNV SS , RESET, X| N , X C in 


I.L 


Input current INTY INT^, D ~D 7 , P0 ~P0 7 , P2 ~P2 5 


Vcc=5V, T a =25°C 
0^V,^5V 


-5 




5 


M A 


IlL 


Input leak current P1 ~P17. P3 ~P3 7) P2 6l P2 7 


Vcc=5V, T a =25°C 
V cc -33V$V|^Vcc 


-33 




. 33 


juA 


Ice 


Supply current 


V C c=5V, T a =25°C 

P2 6 and P2 7 are V C c. output pins are left open 

Input and I/O pins except P26 and P2 7 are V S s 




3 


6 


mA 
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DESCRIPTION 

The M 50753- PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M50753-XXXSP. The M50753-PGYS, being 
housed in a piggyback-type 64-pin shrink DIP, is compati- 
ble with the M50753-XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 
The M50753-PGYS simplifies the development of programs 
for the M50753-XXXSP and is excellent for making pro- 
totypes. 



DISTINCTIVE FEATURES 

• Differences with the M50753-XXXSP are: 

(1) ROMIess, EPROM is attached externally 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 

APPLICATION 

Development of programs for VCR, tuners, and audio 
equipment. 



PIN CONFIGURATION (TOP VIEW) 




W 




AV SS (T 




«|-»-IN1 




" Input port IN IN0-* Q[ 




63J *- IN2 




v REF -*[T 


28-pin socket for EPROM 


62] -*- IN3 




AV CC E 




ID — IN4 


Input port IN 


Pulse width modulation output port PWM *— fj 




60] «-|N5 




NC [7 


r© v cc ^ v cc ® j 


U — IN6 




P2 7 ~ Q 


MI *- IN7 






P2 6 - Q 
P2 5 **E 


I © A 12 Vcc @ I 
1 1 


m Vcc 

D~P0 




P2 4 ~[7o 


1 © A 7 A 13 ® | 


55] ^Pd 




I/O port P2 


P2 3 ~[77 
P2 2 ~\}2 


I © A 6 A 8 © I 
i 


54]^P0 2 
U^P0 3 






P2t ^[]3 


| © A 5 A 9 ' ® ] 


52| ~ P0 4 


I/O port P0 




P2 — E 

P3 7 /S RDY ~ H 


j © A 4 A„ © j 


I3-P05 

H~po 6 






P3 6 /CLK ~[j6 


j © A 3 V ss @ I 


U** P0 7 






P3 5 /S OUT ~ [77 


I © A 2 A 10 © 1 


U~P1 






P3 4 /S IN ^Qs 




iO^pii 




I/O port P3 


P3 3 ~[l9 


] © A, V ss © ! 


H-pi 2 






P3 2 ++\W 

P3i **di 


1 © A D 7 © | 


3 — P13 
13 — P1 4 


I/O port P1 




P3 ~H 


j © D D 6 © | 


1-P15 




Timer I/O CNTR *- [23 


■ © D t D 5 © 


H**P1e 




I INT^ — [2£ 

Interrupt input { == 

I INT 2 — [25 


i 1 
1 © D 2 D 4 © 1 


40] NC 




CNVss H 


< © V ss D 3 © | 


39j NC 


Reset input RESET — [27 


1 - 1 


^ ** P4 




Clock input x, N -► [28 




13 «~P4 n 




Clock output Xqut *- [H 




16] *-*P4 2 


I/O port P4 


Timing signal output <f>+- (30 




H^P4 3 




Reset output RESETout *~ Hi 




JjJ ~ *■ 20 Timing output . 


V ss [32 


M50753-PGYS 


"M NC 




Outline 64S1M 




The symbol "O" indicates sockets for EPROM. 




NC: No connection. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±5% to Vcc. and OV to V S s- 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and Xout pins. If an external clock is used, the clock 
source should be connected to the X| N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


0,20 


Timing output 


Output 


This is the timing output pin. 


CNTR 


Timer I/O 


I/O 


This is an I/O pin for the timer X. 


Tnt7 


Interrupt input ' 


Input 


This is the highest order interrupt input pin. 


INT 2 


Interrupt input 


Input 


This is the lowest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basicalfy the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7l 
P3 6 , P3 5 , and P3 4 work as S RD y. CLK, S ut> and S| N pins, respectively. 


P4 ~P4 3 


I/O port P4 


I/O 


Port P4 is an 4-bit I/O port and has basically the same functions as port PO. 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. 


PWM 


PWM output 


Output 


This is output pin from the pulse width modulator. 
The output structure is N-channel open drain. 




Reset output 


Output 


This pin outputs the reset signal for peripheral devices. 


RESET OUT 


IN0—IN7 


Analog input port IN 


Input 


This is an 8-bit analog input port for the A-D converter, and can be used as normal input port. 


Vref 


Reference voltage 
Jnput 


Input 


This is the reference voltage input pin the for the A-D converter. 


AVcc 


Voltage input for A-D 




This is the power supply input pin for the A-D converter. 


. ' v " S3, 


Voltage input for A-D 




This is GND input pin for the A-D or D-A converter. 


A ~A 13 


Output port A 


Output 


Port A carries the output address to the EPROM loaded on the top side of the package. 


D ~D 7 


Input port D 


Input 


Port D takes the input data from the EPROM loaded on the top side of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M50753-PGYS and the 
M50753-XXXSP are explained below. As all other points 
are the same, only the differences are explained. 



MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The address of EPROM 
is E000 16 to FFFF 16 , having 8K bytes. Other than this, the 
M50753-PGYS has the same functions as the M50753- 
XXXSP has. 



Zero page 



RAM 
(192 bytes) 



0000 16 

00BF 16 

00E0 16 
00FF 16 



External ROM S 
(8K bytes) 



E000 16 



, FF00 16 



Special 

pages 

for 

subroutine 

call 



FFF4 16 



FFFF 1F 





Not used 




Not used 






Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 



Decimal 




191 



255 

\ 



/ 00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 



\ 



\ 



INT 2 \ 

Sl/O or timer 2 v 



00EA 16 
00EB 16 
00EC 16 , 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 

. x 00FB 16 

Timer 1 or A-D * 00FC 16 
Timer X ^ 00FD 16 

Tnt7 v 00FE 16 

RESET ^00FF 16 

65535 



Port PO 



Port PD dir ectional 
rori ru register 



Port P1 



D«i-f di directional 
ron Kl register 



Port P2 



Dnrt DT directional 
KOrt h\3 reg | ster 



Port P4 



Port P4 dire ctional 
ron rq reg i S ter 



IN register 



A-D register 



A-D start address 



A-D control register 



PWM control register 



Serial I/O mode register 



Serial I/O register 



Timer 1,2 prescaler 



Timer 1 



Timer 2 



Timer X prescaler 



Timer X 



Interrupt control register 



Timer control register 



Fig.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50753-XXXSP only 
in the memory expanding mode of the processor mode. 
Figure 2 shows the external memory area when the 
M50753-PGYS is in the memory expanding mode. All other 
processor modes are identical to those of the M50753- 
XXXSP. 





rrrr-16 


External EPROM 




E000 16 






^^^^H 


0100 16 
00E8 16 
00E0 16 


^^^^^» 




Timers, Port P3, P4, etc. 


Ports P0~P2 


^^^^^^ 


00C0 16 


^^^^^^ 






Internal RAM 




0000 16 
Hatching indicate 






3 external memory area. 





PRECAUTION FOR USE 

(1) When developing programs with the M50753-PGYS, 
carefully consider the ROM capacity of the M50753- 
XXXSP. 

In the case of the M50753-XXXSP, use the ROM area 
from E800 16 to FFFF 16 . 

(In the case of the M5L2764K and the M5L27128K use 
the areas from 0800 16 to 1FFF 16 and from 2800 16 to 
3FFF 16 , respectively.) 

(2) The M50753-PGYS has no options as the M50753- 
XXXSP. 



Fig.2 Memory map in memory expanding mode 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


Measured using V S s as base. 
Output transistor is interrupted. 


—0. 3—7 


V 


v, 


Input voltage RESET, X| N> D ~D 7 


—0.3—7 


V 


v, 


Input voltage IN — IN 7 


-0.3~V cc +0.3 


V 


V, 


Input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 3 , CNTR, TisftT, TnT^, CNVss 


—0.3—13 


V 


Vo 


Output voltage X ut. <t>, 20, RESETout. A ~A 13 


-0. 3~V cc +0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 

P3 ~P3 7 , P4 ~P4 3l CNTR, PWM 


-0.3—13 


V 


Pd 


Power consumption 


T a = 25°C 


1000 


mW 


Topr 


Operating temperature 




-10-70 


°C 


T stg 


Storage temperature 




—40—125 


°C 
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RECOMMENDED OPERATING CONDITIONS (V CC =5V±5% and T a = -10~70°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


Vss 


Supply voltage 









V 


V,H 


"H" Input voltage P0 ~P0 7l P1 ~P17. P2 ~P2 7 
P3o~P3 7) P4o~P4 3 , IN ~IN 7 

cntr, TntT, mz 


0.8V CC 




Vcc 


V 


RESET, X| N , CNV SS 


V IH 


"H" Input voltage D ~D 7 


0. 45V CC 




Vcc 


V 


v, L 


"L" Input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3o~P3 7 , P4 ~P4 3 , IN ~IN 7 
CNTR INtT, TnT^, CNVss 







0.2V CC 


V 


V, L 


"L" Input voltage RESET 







0.1 2 V C c 


V 


V, L 


"L" Input voltage X| N 







0.1 6 V C c 


V 


V, L 


"L" Input voltage D ~D 7 







0.15V CC 


V 


f(x IN ) 


Internal clock oscillating frequency 






4 


MHz 



Note 1 : "H" input voltage for ports P , Pi, P 2 . Pa. P4 and CNTR, INT, and INT 2 is up to 12V. 



ELECTRICAL CHARACTERISTICS (v co =5v 


V ss =0V, T a = 25°C and f( XlN )=4MHz unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage $, RESETout, A ~A 13 , 2<j> 


l OH =-2.5mA 


3 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 

P3 ~P3 7 , CNTR, P4 ~P4 3 , PWM 


l O L=10mA 






2 


V 


Vol 


"L" output voltage <f>, RESET ut. A ~A 13l 2<f> 


l L=5mA 






2 


V 


Yt+-v t - 


Hysteresis P3 6 


When used as CLK input 


0.3 




1 


V 


V t +-V t - 


Hysteresis CNTR, TntT, INT^ 




0.3 




1 


V 


V t +-V t - 


Hysteresis RESET 






0.5 


0.7 


V 


v T +-v T _ 


Hysteresis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , PWM 


V,=0V 






-5 


juA 


Iil 


"L" input current INo~IN 7 


V,=0V 






-5 


/uA 


IlL 


"L" input current CNTR, INT^, INT^ 
» RESET, X| N , D ~D 7 


V,=0V 






-5 


juA 


llH 


"H" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 3 , PWM 


V,=12V 






12 


MA 


llH 


"H" input current IN ~IN 7 


V|=5V (when not selected) 






5 


m a 


llH 


"H" input current CNTR, INT^, INT^ 
RESET, X| N 


V,=5V 






5 


juA 


I.H 


"H" input current Vref 


V,=5V 


' 




5 


mA 


'cc 


Supply current 


The output pin is left open, P0, P1, P2, P3 
and P4 are connected to Vcc and all other 
input and I/O pins are connected to V S s- 




3 


6 


mA 


Ucc 


A-D supply current 


During A/D converter operation 




2. 


4 


mA 
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A-D CONVERTER CHARACTERISTICS (v cc 


=AV C c=5V, Vss=AV S s=0V, T a =25°C and f (X|N )=4MHz unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 








8 


Bits 


- 


Absolute accuracy 


Vcc=AV C c=Vref=5.12V 






±3 


LSB 


LSB 


Rladder 


Ladder resistance value 




1 






kn 


tcONV 


Conversion time 








72 


MS 


v REF 


Reference input voltage 








Vcc 


V 


V IA 


Analog input voltage 








Vref 


V 
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DESCRIPTION 

The M50931-PGYS is an EPROM mounted-type micro- 
computer which utilizes CMOS technology, and is designed 
for developing programs for single-chip, 8-bit microcompu- 
ters M50930-XXXFP, M50931-XXXFP and the M50932- 
XXXFP. It is housed in a piggyback-type 80-pin QFP. 
There is a 32-pin socket on the package. 
The M50931-PGYS simplifies the development of programs 
for the M50930-XXXFP, M50931-XXXFP, and the M50932- 
XXXFP and is excellent for making prototypes. 



DISTINCTIVE FEATURES 

• Difference with the M50930-XXXFP, M50931-XXXFP 
and the M50932-XXXFP,are: 
ROMIess, EPROM is attached externally. 

APPLICATION 

Development of programs for office automation equipment, 
VCR, tuner, audio-visual equipment, and telephone 



PIN CONFIGURATION (TOP VIEW) 



CD CD CD CD 

LU W W UJ 

t t r t 

HHMS 



CDCDCD W CDCDCDCDCDCDCDCD 

LULULLI wLULLIUJLLlLLlLLILUlU 

CO CO CO > WWWWWWWW 

t t t t t t t t t t t 







^130||31J|32J|H|^J|»J|36J|37J138||39J|40| 
Mi t t t t t t t t 



£ X 0>Q-Q_Q.Q_Q.Q.D_a. 



Outline 80S6M 



The symbol "O" indicates sockets for EPROM. 
NC: No connection. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V S s. 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2^s (under normal V C c 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and Xout pins. If an external 
clock is used, the clock source should be connected the X| N pin and the Xout pin should be left open. 


X UT 


Clock output 


Output 


INTt 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is CMOS output. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , 
P3 6 , P3 5 , and P3 4 work as S RDY , CLK, S ut, and S| N pins, respectively. Also P3 3 , P3 2 , P3L and P3 work as 
timer 3 overflow signal divided by 2 output pin (T), INT 2 pin, X C in and Xcout pins, respectively. 


P4 ~P4 7 


Input port P4 


I/O 


Port P4 is an 8-bit input port and can be used as segment output pins. 


v L1 ~v L3 


Voltage input for LCD 


Input 


These are voltage input pins for LCD. Supply voltage as 0V^V L1 ^V L2 ^V L3 ^Vcc- 0~V L 3V is supplied to 
LCD. 


COM 
~COM 3 


Common output 


Output 


These are LCD common output pins. At 1/2 duty; COM2 and COM3 pins are not used. At 1/3 duty, COM3 
pin is not used. 


SEGq 
— SEG23 


Segment output 


Output 


These are LCD segment output pins. 


CNTR 


Timer I/O 


I/O 


This is an output pin for the timer 4 and 5. 


A ~A 13 


Output port A 


Output 


These are for addresses to an EPROM mounted on the package. 


D ~D 7 


Input port D 


Input 


These are for input data from the EPROM mounted on the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M50931-PGYS and the 
M50930-XXXFP, M50931-XXXFP and the M50932-XXXFP 
are noted below. The following explanations apply to the 
M50931-PGYS. Specification variations for other chips are 
noted accordingly. 



MEMORY 

The memory map is shown in Figure 1. The M50931-PGYS 
is mounted an EPROM instead of an internal ROM. The 
address of an EPROM is from 1000 16 to 3FFF 16) and this 
memory size is 12288 bytes. The memory size of a RAM is 
512 bytes as same as the M50931-XXXFP or the M50932- 
XXXFP has. 

Other than these, the M50931-PGYS has the same func- 
tions as the M50930-XXXFP, M50931-XXXFP or the 
M50932-XXXFP has. 







RAM 
(128 bytes) 

RAM 
• for 

LCD 
(16 bytes) 

RAM 
(384 bytes) 

Special 

page i 

for 

subroutine 

call 


r 0000,6 

^ 007F, 6 

' 00D0 16 

O0DF 16 

00FF 16 
0100, 6 

027F 16 
1000,6 

3F00 16 
3FF4 16 
3FFF 16 


C 


)ecimal 



/ 

/ 
/ 
/ 

127 / 

/ 

208- 7 
223 

255 

\ 
\ 
\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

INT2 \ 

S I/O or Timer 3 

Timer 2 
Timer 1 

intT 








Zero Page 






/ 00E0 16 
/ 

00E1 16 

00E2 16 
00E3, 6 
00E4, 6 
00E5, 6 
00E6,6 
00E7 16 
00E8,6 
00E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED, 6 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4, 6 
00F5, 6 
00F6, 6 
00F7 16 
00F8 16 
00F9, 6 
00FA, 6 
\ 00FB, 6 

\ ;O0FC, 6 

\ O0FD 16 

\ 00FE, 6 

\ 
\ O0FF 16 


Port P0 




Dr>r+ Dn directional 
ron ru register 


Port P1 


Pnrt P1 directional 
KOrt HI register 


Not used 


Port P2 


Port PO directional 
ron V<L register 










Port P3 


External ROM 
(12288 bytes) < 




Pr»r+ dq directional 
POIt P3 register 


Port P4 






Not used 






















LCD mode register 


Serial I/O mode register 


Serial I/O register 


Timer 4, 5 mode register 


Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer 3 


Address L 
Address H 


Timer 4 


Address L 
Address H 


Timer 5 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 


RESET 
16383 















Fig.l Memory map. 
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PROCESSOR MODE 

External memory area differs from the M50930-XXXFP, 
M50931-XXXFP and the M50932-XXXFP in the memory ex- 
panding mode. And, external memory area differs from only 
the M50930-XXXFP in microprocessor mode. External 
memory map is shown in Figure 2. 



3FFF 16 










1000 16 

0280 16 

00E8 16 
00E0 16 
00D0 16 
0080 16 

0000 16 


External 
EPROM 




W| 

VWW\ 




sit 


HI; 


Timers, Port P3, 
Internal RAM 




WWW 


www 


Data area for LCD 






WWW 




www 


Internal ROM 








Memory expanding 
mode 

Hatching 


'ndicates 


Microprocessor mod 
> external memory a 


e 
re a 



PRECAUTION FOR USE 

(1) In case of the MBM27C64-20, the MBM27C64-25, or 
the MBM27C1 28-25 EPROM use the following areas 
(refer to Figure 1): 

• For the M50930XXXFP and the M50931-XXXFP, usable 
ROM area are 3000 16 ~3FFF 16 . 

MBM27C64-20, MBM27C64-25-- addresses 1000 16 ~1FFF 16 
MBM27C1 28-25 addresses 3000 16 ~3FFF 16 

• For the M50932-XXXFP, usable ROM area are 2000 16 ~ 
3FFF 16 . 

MBM27C64-20, MBM27C64-25-- addresses 0000 16 ~1FFF 16 
MBM27C128-25 addresses 2000 16 ~3FFF 16 

(2) The M50931-PGYS has no options as the M50930- 
XXXFP, M50931-XXXFP and the M50932-XXXFP. The 
condition of ports P0—P3 and CNTR is noted below. 

P0—P3, CNTR without the pull-up transistor 

P3 5 /S ut N-channel open drain output 

(3) The way of mounting an EPROM is shown in Figure 3. 



Fig.2 Memory map in memory expanding mode and 
microprocessor mode 
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Pin 80 



EPROM 




M50931-PGYS 



Fig.3 How to mount an EPROM 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter ., 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


Output transistor are "off" 


-0. 3— 7 


V 


v, 


Supply voltage for LCD V L i~V L3 


-0. 3~Vcc+0. 3 


V 


v ' 


Input voltage P0 ~P0 7l P1o~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , X| N 


—0. 3~Vcc+0. 3 


V 


v, 


Input voltage INTi, CNV SS 


-0. 3— 7 


V 


v, 


Input voltage RESET, CNTR 


-0.3-13 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P1 7 . P2 ~P2 7 

P3 ~P3 7 , COM ~COM 3 , SEG ~SEG 31 

XoUT 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage CNTR 


-0. 3— 7 


V 


Pd 


Power Dissipation 


T a = 25°C 


300 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstg 


Strage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (v cc =3.o(Noteo)~5.5v,v ss =ov,T a 


=— 10~70°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mln. 


Norn. 


Max. 


Vcc 


Supply voltage (Note 1 ) 


f(X, N )=4.3MHz 


4.5 




5.5 


V 


f(X, N ) = 1.lMHz 


3.0(NoteO) 




5.5 


Vss 


Supply voltage 











V 


V, H 


"H" input voltage P0 ~P0 7 , P1 ~P17 
P3 0l P3 t (Note 2) 
P3 3 ~P3 7 (Note3),P4 ~P4 7 
RESET, X| N , CNVss 




0. 7V CC 




Vcc 


V 


V, H 


"H" input voltage P2 ~P2 7 , P3 2 , P3 6 (Note 4 ) 
TntT, CNTR 




0.74V CC 




Vcc 


V 


V, L 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 
P3 , P3! (Note 2) 
P3 3 ~P3 7 (Note3),P4 ~P4 7 
CNVss 









0. 3V CC 


V 


V,l 


"L" input voltage P2 ~P2 7 , P3 2 , P3 6 (Note 4 ) 
TntT, CNTR 









0. 26V CC 


V 


V, L 


"L" input voltage RESET 









0.12V CC 


V 


V,l 


"L" input voltage Xin 









0. 16V CC 


V 


'OH 


"H" Output current P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7 (Note5),XouT 








-2 


mA 


loapeak) 


"L" peak output current P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7 , CNTR, X u T (Note6 ) 








10 


mA 


loL(avg) 


"L" average output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7> P3 ~P3 7 
CNTR, X OUT (Note7) 








5 


mA 


f(x, N ) 


Clock oscillating frequency (Note 8 ) 


V cc =4. 5-5. 5V 


64 




4300 


kHz 


V cc =2. 7-5. 5V 


64 




1100 


hXcin) 


Clock oscillating frequency for clock function (Note 8 ) 




32 




50 


kHz 



Note Minimum value of V C c is dependent on the EPROM used. At normal temperature, this value is about 2. 7~2. 8V. Therefore, 3. OV is dependent 
on the proper operation of the EPROM at that voltage. 

1 When only operating the RAM data retention, minimum value of V C c is 2 V. 

2 When using port P3, as X C | N . 0. 85^Vcc^V| H ^Vcc, ^V, L ^0. 15V CC for port P3 V 

3 In this case of using port P3 6 as normal input. 

4 In. this case of using port P3 6 as CLK input. 

Especially when the input oscillation frequency is more than 50kHz, recommend the following : 
0.8V C c^V,H^Vcc, 0^V, L ^0.2V C c 

5 The total of I h of port P0, P1, P2, P3 and X OU t should be 35mA max. . 

6 The total of l i_ (peak) of port P0, P1, P2, P3 should be 55mA max, and the total of 
Iol (peak) of port P3, CNTR, and X ut should be 45mA max. 

7 I l (avg) is the average current in 100ms. 

8 When changing the contents of the most significant bit at address 00F5 16 , 
f(X, N ) needs the following range : f(X| N )>3f(Xci N )- 
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ELECTRICAL CHARACTERICS (v ss =ov, T a =- 


■10~70°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3o~P3 4 (Note9)i P3 6> P3 7 


V CC =5V, l H=-2mA 


3 






V 


Vcc=3V,l 0H = -0.7mA 


2 






Voh 


"H" output voltage X ut 


V C c=5V, l H=-1.5mA 


3 






V 


V C c=3V, l OH =-0.3mA 


2 






Vol 


"L" output voltage P0 ~P0 7> P1 ~P17, P2 ~P2 7 
P3 ~P3 7 (Note9),CNTR 


V C c=5V, l OL =10mA 






2 


V 


V C c=3V, l 0L =3mA 






1 


Vol 


"L" output voltage X ut 


V CC =5V, Iol= 1.5mA 






2 


V 


V C c=3V, Iol=0. 3mA 






1 


V t +-V t - 


Hysteresis Wi\, CNTR 


V CC =5V 


0.25 




1 


V 


V CC =3V 


o: is 




0.7 


V T +-V T - 


Hysteresis P36 


When used as 

CLK input 


V CC =5V 




0.5 




V 


V CC =3V 




0.4 




Vt+-V t _ 


Hysteresis P3i 


When used as 

Xcin input 


V CC =5V 




0.7 




V 


V CC =3V 




0.5 




V t +-V t - 


Hysteresis P2 ~P2 7l P3 2 


V CC =5V 




0.5 




V 


V CC =3V 




0.4 




V T +-V T - 






V C c=5V 




0.5 


0.7 


V 






V C c=3V 




0.35 




V T +-V T - 


Hysteresis X| N 


V CC =5V 




0.5 




V 


V CC =3V 




0.35 




I.l 


"L" input current P4 ~P4 7 (except reset state) 

|POo~P0 7> P1 ~P17, P2 ~P2 7l P3 ~P3 7l 
CNTR} without pull-up Tr. INTi 
RESET, X| N 


V CC =5V 
V,=0V 






-5 


ma 


Vcc=3V 
V,=0V 






-4 


IlL 


"L" input current P4 ~P47 (at reset state) 


V C c=5V, V L3 =5V, V,=0V 


-30 




-140 


mA 


V C c=3V, V L 3=3V, V,=0V 


-6 




-45 


I.H 


"H" input current P4 ~P47 
POo~P0 7 , 
P3 ~P3 7 , 


(except reset state) 
P1o~P17, P2 ~P2 7l 


V CC =5V 
V,=5V 






5 


juA 


CNTR, INTl RESET, X, N 


V CC =3V 
V,=3V 






4 


I.H 


"H" input current P4 ~P4 7 (at reset state) 


Vcc=5V, V L3 =5V, V,=5V 






5 


MA 


V CC =3V, V L3 =3V, V,=3V 






4 


Room 


Output impedance COMo~COM3 


Vli=V cc /3 
V L2 =2V L1 , 

Vl3=V CC 

Other COM, SEG 
pins are opend. 


V CC =5V 


30 


200 


2000 


Q, 


V CC =3V 


70 


500 


4000 


Rs 


Output impedance SEG ~SEG 3 i 


V CC =5V 




2 




kn 


V CC =3V 




3 




'cc 


Supply current 
(at operation) 


Output pins are opend. 
RESET, P0 ~P0 7 , 
P1 ~P1 7 , P2 ~P2 7 , 
and P3 ~P3 7 are 
conected to V C c- 
Except the above pins 
are conected to Vss- 
However, X| N and Xcin 
are input signal according 
to the conditions without 
supply current for EPROM. 


f(X, N )=4MHz, V CC =5V 




3 




mA 


f(X, N i) = 1MHz, V CC =3V 




0.4 




T a =25°C 
x,N=oy 

f(X C iN)=32.8kHz 
at low power mode 
(LM 6 =1) 


V CC =5V 




45 




MA 


V CC =3V 




18 




, 'cc 


Supply current 
(at wait state) 


f(X, N )=4MHz, V CC =5V 




1 




mA 


f(X, N ) = 1MHz, V CC =3V 




0.2 




T a =25'C 

Xin=ov 

f(X C iN)=32.8kHz 
at low power mode 
(LM 6 =1) 


V CC =5V 




20 




juA 


V CC =3V 




4 




'cc 


Supply current 


f(x )N )=o 

f(X C |N)=0 
V C c=5V 


T a =25°C 




0.1 




juA 


T a =70°C 








Vram 


RAM retention voltage 


f(X, N )=0,f(X C iN)=0 


2 




5.5 


V 



Note 9 If P3 is used as X C out. capability of load driving is lower than the above. 
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DESCRIPTION 

The M50941-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M50940-XXXSP/M50941 -XXXSP.' The 
M50941-PGYS, being housed in a piggyback-type 64-pin 
shrink DIP, is compatible with the M50940-XXXSP/M 50941- 
XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 
The M50941-PGYS simplifies the development of programs 
for the M50940-XXXSP/M50941 -XXXSP and is excellent for 
making prototypes. 



DISTINCTIVE FEATURES 

• Differences with the M50940-XXXSP/M50941 -XXXSP 
are: 

(1) ROMIess, EPROM is attached externally 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 



APPLICATION 

Development of programs for VCR, tuners, 
equipment. 



and audio 



PIN CONFIGURATION (TOP VIEW) 






Reference voltage input V REF -* [T 


K^ 


64] V C c 






" IN 7 -*[T 




1] AV CC 






IN 6 -[7 




62j~P2 






IN 5 -[7 


28-pin socket for EPROM 


6JJ-W-P2, 






IN 4 ^[T 




6o]**P2 2 




Input port IN 


IN3-U 


T=I * T3Z^ ( 


59j^P2 3 






IN 2 ^[T 


r© V cc ^ Vcc © j 


58]^P2 4 


High-voltage output port P2 




INo-|T 


I © A 12 V C c © I 


57|**P2 5 
U-P2 6 






P4 7 ~[To 


® A 7 A 13 @ I 


m— P2 7 






P4 6 -[jI 
P4 5 -01 


I © A 6 A 8 © ! 
I 


54]->P0o 

53] — Pd 




I/O port P4 


P4 4 -[H 


I © A 5 A 9 © | 


52]— P0 2 






P4 3 ^0l 
P4 2 -Q5 


] © A 4 An @ I 


ID-P03 

5o] — P0 4 


High-voltage output port PO 




P4 1 ^fj6 


| ©A 3 V ss -© I 


49]— P0 5 






P3 7 


P4o-[H 

/S RD y-0I 


I © A 2 A 10 © | 


4e]->P0 6 
£] — P0 7 






P3 6 /CLK~-[l9 


! ® A, V ss © ] 


U — pi 






P3 5 /S ut~H 


| © A D 7 © | 


45]-+ P1, 




I/O port P3 


P3 4 /S, N ~[I 

P33/TT— H 


] © D D 6 © | 


i3 — pi 2 

m— pi 3 






P3 2 /T 2 — [§ 


I © D, D 5 © | 


U — pi 4 


High-voltage output port P1 




P3i/lST^**|24 




73-P15 






P3o/INT^^[l 


I © D 2 D 4 © I 


40]— P1 6 




CNVss H 


i © V ss D 3 © I 


39]-* P1 7 




Reset input RESET -> [27 


I I 


fj-Vp 


Pull-down voltage input 


Clod; input X, N — »- [28 




H ^Ro 




Clock output Xqut "*~~ Hi 
Clock input for clock function X C | N -*- [30 




U-R 2 


Input port R 


Clock output for clock function X C out-«— HI 




U-R3 I 




V ss (g 


M50941-PGYS 


33] -*0 


Timmlng output 




Outline 64S1M 




The symbol 


'O" indicates sockets for EPROM. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±5% to V C c, and OV to V S s- 


CNVss 


CNVss 




This is usually connected to V S s- 


v P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports PO, P1 and P2. 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/^s (under normal V C c 
conditions). If more time is needed for the crystal oscillatior to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and X ut pins. If an external 
clock is used, the clock source should be connected the X| N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


<t> 


Timing output 


Output 


This is the timing output pin. 


XciN 


Clock input for 
clock function 


Input 


This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or quartz crystal oscillator is connected between the X C in and X C out pins. If an external 
clock is used, the clock source should be connected to the Xcin pin and the Xcout pin should be left open. 
This clock can be used as a program controlled the system clock. 


XcOUT 


Clock output for 
clock function 


Output 


P0 o ~P0 7 


Output port PO 


Output 


Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built in between the V P pin and this port. 
At reset, this port is set to a "L" level. 


P1 ~P17 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is P-channel open drain. A pull- 
down transistor is built in between the V P pin and this port. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port with CMOS tri-state output. The other functions are basically the same as port 
P2. Pins P3 , P3 1( P3 2 and P3 3 pins are in common with INT 2 , INTl T 2 , and T^, respectively. When serial I/O 
is used, P3 7 , P3 6 , P3 5 , and P3 4 work as S RDY , CLK, Sout. and Sin, pins, respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port with CMOS tri-state output. The other functions are basically the same as port 
P2. 


Ro^Ra 


Input port R 


Input 


Port R is a 4-bit input port. 


IN ~IN 7 


Analog input port IN 


Input 


Port IN is the analog input pin to the A-D converter. It also has a dual function and works as a normal input 
port. 


AV CC 


Voltage input for A-D 




This is the power supply input pin for the A-D conveter. 


V REF 


Reference voltage 
Input 


Input 


This is the reference voltage input pin for the A-D conveter. " 


A ~A 13 


Output port A 


Output 


Port A outputs the addresses to the EPROM mounted on the top of the package. 


D ~D 7 


Input port D 


Input 


Port D takes the input data from the EPROM mounted on the top of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M50941-PGYS and the 
M50940-XXXSP/M50941 -XXXSP are explained below. As 
all other points are the same, only the differences are ex- 
plained. 



MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The address of EPROM 
is C000 16 to FFFF 16 , having 16k bytes. Other than this, the 
M50941-PGYS has the same functions as the M50940- 
XXXSP/M50941 -XXXSP have. 







, 0000 16 

' 00BF 16 

00E0 16 
00FF 16 

C000 16 
FF00 16 

FFF4 16 

FFFF 16 


L" 


)ecimal 


/ 

/ 

/ 
/ 

191 / 

/ 
/ 
/ 
/ 

/ 
/ 

255 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\' 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

INT 2 \ 

S I/O or Timer 3 

Timer 2 \- 

Timer 1 or A-D . 

IntT * 








Zero page < 


RAM 
(192 bytes) 




' 00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
OOEA^ 
00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
OOFE 1G 

\ 00FF 16 


Port PO 






Port P1 




Not used 


Port P2 


Pnrt P9 directional 
POri Y<L register 








Port P3 




Not used 


Port P3 fi3°{S na ' 


Port P4 


Port P4 directional 
ron yo, regjster 


Port IN 






External ROM i 
(16K bytes) 


Special 
page < 
for 

subroutine 
call 




A-D register 


| Port R 




A-D start address 


A-D control register 






Timer 4,5 r e ™££ r 


Serial I/O mode register 


Serial I/O register 




Timer 1 


Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer 3 


Address L 
Address H 


Timer 4 


Address L 
Address H 


Timer 5 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 


RESET 
65535 















Fig.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50940-XXXSP/ 
M50941-XXXSP only in the memory expanding mode of the 
processor mode. Figure 2 shows the external memory area 
when the M50941-PGYS is in the memory expanding mode. 
All other processor modes are identical to those of the 
M50940-XXXSP/M50941 -XXXSP. 



FFFF 16 



C000 16 



0100 16 
00E8 16 



00C0 1£ 



0000 16 



External EPROM 


1 




1 


Timers, Port P3, etc. 


HI 


Internal RAM 



Hatching indicates external memory area. 



PRECAUTION FOR USE 

(1) When developing programs with the M50941 -PGYS, 
carefully consider the ROM capacity of the M50940- 
XXXSP/M50941 -XXXSP. 

In the case of the M50940-XXXSP, use the ROM area 

from F000 16 to FFFF 16 . 

(In the case of the M5L2764K and the M5L27128K use 

the areas from 1000 16 to 1FFF 16 and from 3000 16 to 

3FFF 16 , respectively.) 

In the case of the M50941-XXXSP, use the ROM area 

from E000 16 to FFFF 16 . 

(In the case of the M5L2764K and the M5L27128K use 

the areas from 0000 16 to 1FFF 16 and from 2000 16 to 

3FFF 16 , respectively.) 

(2) The M50941-PGYS has no options as the M50940- 
XXXSP/M50941 -XXXSP. 



Fig. 2 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect N to V S s 

Output Transistors are at "OFF" state. 


-0.3—7 


V 


v P 


Pull-down input voltage 


Vcc-38~Vcc+0. 3 


V 


V, 


Input voltage CNV SS 


-0.3—13 


V 


v, 


Input voltage IN ~IN 7 ,Ro~R3 

X, N , Xcin. RESET, V REF 


-0.3—7 


V 


v, 


Input voltage P3 ~P3 7) P4 ~P4 7 


-0. 3~Vcc+0. 3 


V 


Vi 


Input voltage P2 ~P2 7 


Vcc-38~Vcc +0. 3 


V. 


Vo 


Output voltage P3 ~P3 7 ,P4 ~P4 7 , 

XcOUT. XouT. 


-0. 3~V C c +0. 3 


V 


Vo 


Output voltage P0 ~P0 7> P1 ~P17, P2 ~P2 7 


Vcc-38— Vcc +0. 3 


V 


Pd 


Power Dissipation 


T a =25°C 


1000 


mW 


Topr 


Operating Temperature 




-10—70 


°C 


Tstg 


Storage Temperature 




-40-125 


°C 



RECOMMEND OPERATING CONDITIONS 



(V C0 =5V±5%, T a =— 10~70'C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min. 


Norn. 


Max. 


Vcc 


Supply voltage f(X| N )=4MHz 


4.75 


5 


5.25 


V 


v P 


Pull-down supply voltage 


V cc -36 




Vcc 


V 


Vss 


Supply voltage 









V 


V, H 


"H" input voltage Port P3 ~P3 7l P4 ~P4 7) 
IN ~IN 7l CNVss 


0. 8V CC 




Vcc 


V 


V IH 


"H" input voltage Port R ~R3 


0. 4V CC 




Vcc 


V 


V,H 


"H" input voltage RESET, X| Nl X C in 


0. 8V CC 




Vcc 


V 


V,H 


"H" input voltage Port P2 ~P2 7 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage Port P3 ~P3 7l P4 ~P4 7 , 
IN ~IN 7 , CNVss 







0.2V CC 


V 


V, L 


"L" input voltage Port Ro~R3 







0.12V CC 


V 


V, L 


"L" input voltage RESET 







0.12V CC 


V 


V,l 


"L" input voltage X| N , X C in 







0. 16V CC 


V 


V IL 


"L" input voltage Port P2 ~P2 7 


V cc -36 




0.2V CC 


V 


'oH(sum) 


"H" sum output current Port P0 ~P0 7 , P1 ~P17, 
P2 ~P2 7 






-120 


mA 


'oH(sum) 


"H" sum output current Port P3 ~P3 7) P4 ~P4 7 






-30 


mA 


'oL(sum) 


"L" sum output current P3 ~P3 7 , P4 ~P4 7 






60 


mA 


'oH(peak) 


"H" peak output current Port P0 ~P0 7 , P1 ~P17. 
P2 ~P2 7 






-24 


mA 


loH(peak) 


"H" peak output current Port P3 ~P3 7l P4 ~P4 7 






-10 


mA 


'oL(peak) 


"L" peak output current Port P3 ~P3 7 , P4 ~P4 7 






20 


mA 


'oH(avg) 


"H" average output current Port POo~P0 7 , P1o~P1 7 , 
P2 ~P2 7 






-12 


mA 


'oH(avq) 


"H" average output current Port P3o~P3 7> P4 ~P4 7 






-5 


mA 


'oL(avq) 


"L" average output current Port P3 ~P3 7 , P4 ~P4 7 






10 


mA 


f (x, N ) 


Clock input oscillating frequency 


V CC =5V 






4.3 


MHz 


f(Xn,M) 


Clock oscillating frequency for clock function 


V CC =5V 






500 


kHz 



Note 1 . The maximum "H" input voltage for CNV S s is +12V. 
2 . The duty cycle for these oscillating frequency is 50%: 

3 . When the low speed mode is used, the clock input oscillating frequency for the timer must satisfy 
the following expression : 
f(Xc, N )<f(X 1N )/3 

4 . The avarage output current loH(avg) and loaavg) are tne average value during a 100ms cycle. 

5 . f( X|N ) must be less than 50kHz when the external clock is to be used. 
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ELECTRICAL CHARACTERISTICS (V CC =5V±5%, V ss =0V, T a =25°C, f(X |N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


VoH 


"H" output voltage Port P3 ~P3 7 , P4 ~P4 7 


V CC =5V, l 0H =-5mA 


3 






V 


VoH ■ 


"H" output voltage 4> 


V CC =5V, l OH =-2.5mA 


3 






V 


VoH 


"H" output voltage Port P0 ~P0 7 , P1 ~P17, P2 ~P2 7 


V C c=5V, l 0H =-12mA 


3 






V 


Vol 


"L" output voltage Port P3 ~P3 7 , P4 ~P4 7 


V C c=5V, l OL =10mA 






2 


v 


Vol 


"L" output voltage <l> 


V C c=5V, l 0L =2. 5mA 






2 


V 


Vt+~V t - 


Hysteresis P3 /INT^, P3i/IntT 


Use as interrupt 
input 


Vcc=5V 


0.3 




1 


V 


V t +-V t - 


Hysteresis RESET 


Vcc=5V 




0.5 


0.7 


V 


V t +-V t - 


Hysteresis P3 6 /CLK 


Use as CLK 
input 


V CC =5V 


0.3 




1 


V 


V t +-V t - 


Hysteresis X| N 


Vcc=5V 


0.1 




0.5 


V 


V t +-V t - 


Hysteresis X C in 


V CC =5V 


0.1 




0.5 


V 


I.l 


"L" input current Port P3 ~P3 7 , P4 ~P4 7 


Vi=0V without 
pull-up T r . 


V CC =5V 






-5 


JU* 


V,=0V, with 
pull-up T r . 


V CC =5V 


-35 


-70 


-140 


UA 


I.L 


"L" input current Port INo — IN 7 


V,=0V • 


V CC =5V 






-5 


/uA 


Iil 


"L" input current RESET, X| Nl X C in. Ro~R3 


V,=0V 


V CC =5V 






-5 


UA 


IlL 


"L" input current P2 ~P2 7 


V,=0V 






-5 


/uA 


Vi=V cc -36V 






-30 


/uA 


l|H 


"H" input current Port P3 ~P3 7 , P4 ~P4 7 


V|=5V, without pull-up transistor 






5 


/uA 


I.H 


"H" input current Port IN ~IN 7 


Vi=5V, not use as analog input 






5 


MA 


'iH 


"H" input current Port P2 ~P2 7 


Reading operation V|=5V 






100 


/uA 


normal operation V|=5V 






5 


juA 


llH 


"H" input current RESET, X| N , X C in, Ro~R3 


V,=5V 






5 


fxA 


I.H 


"H" input current Vref 


V,=5V 






5 


mA 


'OL 


"L" output current Port P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 


V P =Vcc-36V, V l=Vcc 


150 


500 


900 


/uA 


'cc 


Supply current 


Note 1 | X| N =4MHz, V CC =5V 




3 


6 


mA 


Ucc 


Supply current for A-D 


at A-D converting time 




2 


4 


mA 



Note 1 . Open output ports, V P =V CC , input port is V S s, at normal operation. 
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_,|_J<L 






ft 



c 4 i 



-5V 



-H 



Vc 

X 'n reset| 

Output pins open 

X UT 

Input pins 

XciN 



CNV S 



resonator 



Xt =4MHz Ceramic resonator 

X 2 =32. 768kHz ?^ z _ i c _7 stal 

Ci =C 2 =150pF 

R, = 1MH 

C 3 =10pF 

C 4 =30pF 

R 2 =10MC 

R 3 =100kn 



Fig.3 Test circuit for measuring supply current 



A-D CONVERTER CHARACTERISTICS (V CC =5V, V ss =0V, T a =25°C, f(X, N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions • 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 








8 


bits 


- 


Absolute accuracy 


Vcc=AVcc=Vr EF =5.12V 






±3 


LSB 


Rladder 


Ladder resistor value 




1 






kn 


tcONV 


Conversion time 


High-speed : 0=1 MHz 






72 


us 


Low-speed : 0=1 MHz 






288 


us 


v REF 


Reference input voltage 








Vcc 


V 


V, A 


Analog input voltage 








Vref 


V 
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DESCRIPTION 

The M50950-PGYS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M50950-XXXSP/M50951 -XXXSP. The 
M50950-PGYS, being housed in a piggyback-type 52-pin 
shrink DIP, is compatible with the M50950-XXXSP/M50951 - 
XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5L2764K or the M5L27128K EPROM may be used. 
The M50950-PGYS simplifies the development of programs 
for the M50950-XXXSP/M50951 -XXXSP and is excellent for 
making prototypes. 



DISTINCTIVE FEATURES 

• Differences with the M50950-XXXSP/M50951 -XXXSP 
are: 

(1) ROMIess, EPROM is attached externally 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 

APPLICATION 

Development of programs for VTR, tuners, and audio equip- 
ment. 



PIN CONFIGURATION (TOP VIEW) 






w 








P2 4 -U 


28-pin socket for EPROM 


m Vcc 

5T]-P2 5 




Output port P2 


P2 3 *-[I 








P2 2 -E 


i vy" 1 

|©Vcc v cc @j 


5o]-* P2 6 


Output port P2 




P2,**E 


49]— P2 7 




I/O port P2 
I P4 3 /5 


P2 — E 

3rDY2*"*"LL 


1© A12 V cc @J 


48]-^P0o 
47) — PO, 




• 


P4 2 /CLK 2 «-[Z 


I ® A 7 A 3 © | 


46]->P0 2 




I/O port P4 < 


P4 1 /S OU T2-[I 
PVS,N2~[I 


® A 6 A 8 © j 


H->p0 3 

44]— P0 4 


Output port PO 




P3 7 /S RDY 1— Qo 


I© A 5 A 9 @j 


fU-POs 






PSe/CLK^ITT 


• © A 4 A n © | 


H-P0 6 






P3 5 /SouTi**[iI 




iD— P0 7 






P3 4 /S IN1 -0I 


1 © A 3 V ss © j 


S|-»P1o 




I/O port P3 


P3 3 /T~[l4 
P3 2 ~[T5 


© A 2 A 10 © , 


39j— P1i 

38]— P1 2 






P3o-[n 


1 © At V ss © j 
® A D 7 © j 


3T]-P13 
36]-* P1 4 


Output port P1 


Input port P5 


P53/INTT — m 

P5 2 /INT 2 —0I 


! © D D 6 © ! 


U-PI5 
34]-P1 6 




CNV SS [20 


j © D, D 5 © 1 


m— pi 7 




Reset input RESET -^ [fT 


1 © D 2 D 4 © j 


3|]-V P 


Pull-dbwn voltage input 


Clock input X, N -♦ [22 


3j]*-P5 4 




Clock output Xout *~~ l£2 


; @ V ss D 3 © ■ 

L 1 


30j— P5 5 


Input port P5 


Clock input for clock function Xcin "** tl 


29]«-P5 6 




Clock output for clock function X CO ut " — HI 




2|*-P5 7 




v ss m 


M50950-PGYS 


ID— * ^ 


Timing output 




Outline 52S1M 




The symb 


Dl "O" indicates sockets for EPROM. 



4-48 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50950-PGYS 

PIGGYBACK for M50950-XXXSP ,M50951-XXXSP 



PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V S s- 


CNV SS 


CNV S s 




This is usually connected to Vss. 


v P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports PO, P1 and P2 2 ~P2 7 . 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/^s (under normal V C c 

conditions). 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 

required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and X ut pins. If an external 
clock is used, the clock source should be connected the X| N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


<t> 


Timing output 


Output 


This is the timing output pin. 


XciN 


Clock input for clock 
function 


Input 


This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xqn and Xcout pins. If an exter- 
nal clock is used, the clock source should be connected to the X C in pin and the Xcout pin should be left 
open. This clock can be used as a program controlled the system clock. 


XcOUT 


Clock output for 
clock function 


Output 


P0 ~P0 7 


Output port PO 


Output 


Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor 
is built in between the V P pin and this port. 
At reset, this port is set to a "L" level. 


P1o~P1 7 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is a 2-bit I/O port (P2 , P2 t ) and a 6-bit high-voltage P-channel outputt port (P2 2 ~P2 7 ) . 

For P2 and P2l output structure is N-channel open drain. A pull-down transistor is built in between the V P 

pin and P2 2 ~P2 7 . 


P3 ~P3 7 


I/O port P3 


I/O . 


Port P3 is an 8-bit I/O port. When serial l/Oi is used, P3 7 , P3 6 , P3 5 , and P3 4 work as S RD yi. CLKl S uti, 
and Sini pins, respectively. P3 3 can be used as programmable output pin for the timer 1 overflow signal di- 
vided by 2. 


P4 ~P4 3 


I/O port P4 


• I/O 


Port P4 is an 8-bit I/O port. When serial l/0 2 is used, P4 3l P4 2 , PA h and P4 work as S RD Y2.CLK 2 , S ut2. and 
S| N 2 pins, respectively. 


P5 2 /INT 2 
P53/INT! 


Input port P5 


Input 


Bits 2 and 3 of port P5 are 2-bit input port and are-in common with interrupt inputs. 


P5 4 ~P5 7 


Input 


Bits 4~7 of port P5 are 4-bit input port. 


A ~A 13 


Output port A 


Output 


Port A outputs the adresses to the EPROM mounted on the top of the package. 


D ~D 7 


Input port D 


Input 


Pert D takes the input data from the EPROM mounted on the top of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M50950-PGYS and the 
M50950-XXXSP/M50951-XXXSP are explained below. As 
all other points are the same, only the differences are ex- 
plained. 



MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The address of EPROM 
is E000 16 to FFFF 16 , having 8K bytes. Other than this, the 
M50950-PGYS has the sanie functions as the M50950- 
XXXSP/M5Q951-XXXSP has. 



Zero page < 

External ROM , 
(8K bytes) ^ 




( oooo 16 


De 


cimal 

/ 
/ 
/ 
/ 
/ 
/ 

143 / 

/ 
/ 
/ 

/ 

255 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 

\ ■ 
\ 
\ 
\ 
\ 
\ 

\ ' 
\ 
\ 

\" 
\ 
\ 
\ 
\ 
INT 2 \ 
S I/O! or Timer 1 
Timer 2 i 
Timer 3 \ 

INT, ^ 

\ 








RAM 
(144 bytes) 




00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
O0E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
00EC 16 
00ED 16 
00EE 16 
00EF 16 
00F0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
O0F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
00FE 16 
0OFF 16 


Port PO 


' 




Port P1 




00E0 16 
00FF 16 

r E000 16 


Not used 


Port P2 


Pnrl P9 directional 
run re reg j ster 








Port P3 


Not used 


Dnrt dq directional 
rori rcJ register 


Port P4 


Pnrt PA directional 
run r<* re g jster 


Port P5 


















Special 
page for , 
subroutine 
call 


FFF4 16 
^ FFFF 16 




Serial l/0 2 register 


Serial l/0 2 mode register 


Serial I/O! mode register 


Serial \/0^ register 






Address L 
Address H 


Timer 1 


Address L 
Address H 




Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer 3 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


RESET 
65535 


Timer control register 















Fig.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50950-XXXSP/ 
M50951-XXXSP only in the memory expanding mode of the 
processor mode. Figure 2 shows the external memory area 
when the M50950-PGYS is in the memory expanding mode. 
All other processor modes are identical to those of the 
M50950-XXXSP/M50951 -XXXSP. 









FFFF 16 






E000 16 


External EPROM 




\^\^ 




0100 16 
00E8 16 


vXvv^ 




Timers, Port P3, etc. 




Port P0-P2 




00E0 16 






\^\\^^ 


0090 16 


AN\"^ 




Internal RAM 




0000| G 






Hatching indicates external memory area. 



PRECAUTION FOR USE 

(1) Because of the loading of the EPROM, the external 
dimensions differ from those of the M50950-XXXSP/ 
M50951 -XXXSP, being 19.0 X 50.8mm. Lower pin 
measurements are the same. 

(2) When developing programs with the M50950-PGYS, 
carefully consider the ROM capacity of the M50950- 
XXXSP/M50951 -XXXSP. 

In the case of the M50950-XXXSP, use the ROM area 

from E800 16 to FFFF 16 . 

(In the case of the M5L2764K and the M5L27128K use 

the areas from 0800 16 to 1FFF 16 and from 2800 16 to 

3FFF 16 , respectively.) 

In the case of the M50951 -XXXSP, use the ROM area 

from F000 16 to FFFF 16 . 

(In the case of the M5L2764K and the M5L27128K use 

the areas from 1000 16 to 1FFF 16 and from 3000 16 to 

3FFF 16 , respectively.) 



Fig. 2 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions • 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors cut-off 


-0.3-7 


V 


V P 


Pull-down supply voltage 


V cc -38~Vcc+0. 3 


V 


v. 


Input voltage P2 , P2,, P3 ~P3 7 , P4 ~P4 3 , CNV SS 
P5 2 /INT 2 , P53/INT! 


-0.3—13 


V 


Vi 


Input voltage RESET, X, N , X C in> D ~D 7 


-0. 3— 7 


V 


Vi 


Input voltage P5 4 ~P5 7 


-0.3—7 


V 


Vo 


Output voltage P2 0> P2 1( P3 ~P3 7 , P4 ~P4 3 


-0.3—13 


V 


Vo 


Output voltage X ut. X C out- 0. A ~A 13 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P1 7 , P2 2 ~P2 7 


Vcc-38~V C c+0.3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


Topr 


Operating temperature 




-10—70 


°C 


T stg 


Storage temperature 




—40-125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage | f( X|N )=5MHz 


4.75 


5 


5.25 


V 


v P 


Pull-down supply voltage 


Vcc-36 




Vcc 


V 


V ss 


Supply voltage 









V 


V, H 


"H" input voltage P2 , P2,, P3 ~P3 7 , CNV SS 

P5 2 /INT 2 , P53/INTL P4 ~P4 3 


0. 75V CC 




Vcc 


V 


V, H 


"H" input voltage RESET, Xin, Xcin 


0. 8V CC 




Vcc 


V 


V,H 


"H" input voltage P5 4 ~P5 7 


0. 4V CC 




Vcc 


V 


V, H 


"H" input voltage D ~D 7 


0. 45V CC 




Vcc 


V 


v, L 


"L" input voltage P2 , P2l P3 ~P3 7i CNV ss 

P5 2 /INT 2 , P53/INTL P4 ~P4 3 







0. 25V CC 


V 


v, L 


"L" input voltage RESET 







0.12V CC 


V 


V, L 


"L" input voltage X| N 







0.16V CC 


V 


V, L 


"L" input voltage X C in 







0. 16V CC 


V 


VlL 


"L" input voltage P5 4 ~P5 7 . 







0.12V CC 


V 


v IL 


"L" input voltage D ~D 7 







0. 15V CC 


V 


'oH(peak) 


"H" peak output current P0 ~P0 7 , P1 ~P1 7 , P2 2 ~P2 7 






-24 


mA 


loapeak) 


"L" peak output current P2 , P2l P3 ~P3 7> P4 ~P4 3 






20 


mA 


'oH(avg) 


"H" average output current P0 ~P0 7 , P1 ~P17, P2 2 ~P2 7 






-12 


mA 


louavg) 


"L" average output current P2 , P2 1( P3 ~P3 7 , P4 ~P4 3 






. 10 


mA 


f (x, N ) 


Clock input oscillating frequency 






5 


MHz 


fcx CIN> 


Clock oscillating frequency for clock function 




32 


500 


kHz 



Note 1 .' "H" input voltage of up to +12V may be applied to permissible for ports P2 , P2 1( P3 ~P3 7l P5 2 , 
P5 3 , P4 ~P4 3 and CNV SS . 

2 : The average output current l H(avg) and 'oL(avg) are the average value of a period of 100ms. 

On output ports, the total of current dissipation should be 890mW max at T=25°C. 

3 ! Oscillation frequency is at 50% duty cycle. 

When used low-speed mode, clock input oscillating frequency for clock function should be f 

(X C | N )<f(X| N )/3. 

When used external clock, clock input oscillating frequency for clock function should be f(X C | N )< 

50kHz. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V,Vss=0V,T a =25r,f ( x IN )=5MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage </>, A ~A 13 


l OH =-2.5mA, T a =-10~70°C 


3 






V 


Vqh 


"H" output voltage P0 ~P0 7 , P1 ~P17. P2 2 ~P2 7 


l H=-12mA, T a =-10~70°C 


3 






V 


Vol 


"L" output voltage P2 , P2 1( P3 ~P3 7 , P4 ~P4 3 


l O L=10mA, T a =-10~70°C 






2 


V 


Vol 


"L" output voltage <p, Ao~A 13 


l L=2.5mA, T a =-10~70°C 






2 


V 


v T+ -v T _ 


Hysteresis P5 2 /INT 2> PSa/INT, 




0.3 




1 


V 


V T +-V T - 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T _ 


Hysteresis P3 6 , P4 2 


When used as CLK input 


0.3 




1 


V 


V t +-V t - 


Hysteresis Xj N 




0.1 




0.5 


V 


Iil 


"L" input current P2 , P2l P3 ~P3 7 , P4 '~P4 3 


V,= V 






-5 


juA 


I.L 


"L" input current P5 4 ~P5 7 


V,= V 






-5 


juA 


I.L 


"L" input current RESET, X| N , Xcin. Do~D 7 


V,= V 






-5 


UA 


I.L 


"L" input current P5 2 /INT 2 , PSa/INT, 


V,= 0V 






—5 


juA 


llH 


"H" input current P2 , P2l P3 ~P3 7 , P4 ~P4 3 


V,= 5V 






5 


juA 


V,=12V 






12 


MA 


I.H 


"H" input current P5 4 ~P5 7 


V,= 5V 






5 


juA 


llH 


"H" input current RESET, X| N , X C in. D ~D 7 


V,= 5 V 






5 


juA 


I.H 


"H" input current P5 2 /INT 2 , P53/INT, 


V,= 5V 






5 


UA 


V,=12V 






12 


/uA 


II 


Pull-down current P0 ~P0 7 , P1 ~P17. P2 2 ~P2 7 


V P =Vcc-36V, V OL =Vcc 


150 


450 


900 


MA 


IoL 


"L" Pull-down current P0 ~P0 7 , P1 ~P1 7 , P2 2 ~P2 7 


Vp=V cc -36V, V 0L =Vp 






-30 


juA 


Vram 


RAM retention voltage 


at clock stop 


2 




5.5 


V 


'cc 


Supply current 


Output pins open (output off) 
Vp P =V S s. Input and I/O pins all at V S s 
f(x, N )=5MHz(at system operation) 




4 


8 


mA 
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DESCRIPTION 

The M50955-PGYS is an EPROM mounted-type micro- 
computer which utilizes CMOS technology, and is designed 
for developing programs for single-chip 8-bit microcompu- 
ter the M50955-XXXSP. It is housed in a piggyback-type 
64-pin shrink DIP. 

There is a 28-pin socket on the package for the M5L2764K 
or the M5L27128K EPROM. 

The M50955-PGYS simplifies the development of programs 
for the M50955-XXXSP and is excellent for making pro- 
totypes. 

The differences among the M50754-XXXSP, M50954- 
XXXSP, and the M50955-XXXSP are only ROM size. 
Therefor the M50955-PGYS can be used for the develop- 
ment of programs for the M50754-XXXSP and the M50954- 
XXXSP. 



DISTINCTIVE FEATURES 

• Differences with the M50955-XXXSP are: 

(1) ROMIess, EPROM is attached externally. 

(2) Suitable EPROM is the M5L2764K or the M5L271 28K. 

APPLICATION 

Development of programs for VCR, tuners, and audio-visual 
equipment 



PIN 


CONFIGURATION (TOP VIEW) 










V^ 








v cc \r 




W) — P4 








P6 5 ~[7 




U — P4, 








P6 4 ~[7 




U^P4 2 






I/O port P6 


P6 3 /PWM3*-[7 


28-pin socket for EPROM 


m -*P4 3 


High-Voltage 






P6 2 /PWM2-*[7 




U — P4 4 


Output Port P4 




P6t/PWM1 — [7 


/" ___^ > 

f© Vcc ^ V cc © j 


59] — P4 5 






' P6 /T**[7 


58] — P4 6 








P2 7 -[7 
P2 6 ~[I 


I © A 12 V C c @ I 


H^P4 7 
U — P0 








P2 5 *>[To 


® A 7 A 13 @ | 


m-poi 






I/O port P2 


P2 4 ~[77 
P2 3 ~[l2 


1 © A 6 a 8 © j 


]3 — P0 2 










m~ ,>po 3 


High-Voltage 






P2 2 ~Q3 


| © A 5 A 9 © j 


|| — P0 4 


Output Port PO 






P2 1 ^[h 


j © A 4 An @ 1 


id-pos 








P2 -EI 




U — po 6 








P3 7 /S RD y^01 


J © A 3 V ss @ 1 


49] — P0 7 








P3 6 /CLK — [77 


1 ® A 2 A 10 © I 


H~* P1 ° 








P3 5 /Sout ** m 




47)— p^ 






I/O port P3 


P3 4 /S| N **[T9 
P3 3 ~H 


j ® A t V ss © ! 
I © A D 7 © | 


46j — *► P1 2 
15J — ^' P1 3 


High-Voltage 






P3 2 -H 




i3 — pi 4 


Output Port P1 






P3t~.II 


[ © Do D 6 © j 


]U-P15 








P3 -[S 


| © D, D 5 © j ■ 


1-P1 6 






1 P53/INT!— [24 




3 — pi 7 






Input port P5 . ?= 
1 P5 2 /INT 2 — [25 


I © D 2 D 4 ® 


40] — P5 | 


High-Voltage 




CNVss [1 


> © V ss °3 © I 


39] — P5t I 


Output Port P5 




Reset Input RESET -* [27 
Clock Input x in -*• [M 


I _-__J 


I]-v P 

liE *"'P54 I 


Pull-Down 
Voltage Input 




Clock Output Xout "~ Ul 




1H*-P55 






Clock Input for Timer X C in -* [30 




]s) — P5 6 


Input port P5 




Clock Output for Timer X C out *~ lH 




Wj-P5 7 J 






v ss H 


M50955-PGYS 


m-** 


Timing Output 




Outline 64S1M 






The symbol "C 


y indicates sockets for EPROM. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V S s. 


CNV SS 


CNVss 




This is usually connected to V S s- 


v P 


Pull-down voltage 


Input 


This is the input voltage pin for the pull-down transistor of ports PO, PI, P4, P5o and P5i.' 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/^s (under normal V C c 
conditions.) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. 

To control generating frequency, an external ceramic or a quartz crystal oscillator is connected between 
the X| N and Xout pins. If an external clock is used, the clock source should be connected the X| N pin and 
the Xout pin should be left open. 


XoUT 


Clock output 


Output 


4> 


Timing output 


Output 


This is the timing output pin. 


XciN 


Clock input for 
clock function 


Input 


This is the I/O pins of the clock generating circuit for the clock function. To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the X C in and X C out pins. If an exter- 
nal clock is used, the clock source should be connected to the X C in pin, and the Xcout pin should be left 
open: This clock can be used as a program controlled the system clock. 


XcOUT 


Clock output for 
clock function 


Output 


P0 ~P0 7 


Output port PO 


Output 


Port PO is an 8-bit output port. Output structure is high-"oltage P-channel open drain. A pull-down transistor 
is built in betweenthe V P pin and this port. 
At reset, this port is set to a "L" level. 


P1o~P1 7 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port PO. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P2. When serial I/O is used, P37, 
P3 6 , P35, and P3 4 work as Srdy- CLK, Sout. and S| N pins, respectively. 


P4 ~P4 7 


Output port P4 


Output 


Port P4 is an 8-bit output port and has basically the same functions as port P2. 


P5 0l P5t 


Output port P5 


Output 


Bit and 1 of port P5 are 2-bit output port and has basically the same functions as port PO. 


P5 2 /INT 2 
P53/INT! 


Input port P5 


Input 


Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs. 


P5 4 ~P5 7 


Input 


Bit 4~7 of port P5 are 4-bit input port. 


P6 ~P6 5 


I/O port P6 


I/O 


Port P6 is a 6-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS tri-state output. P6 , P6 1t P6 2 , P6 3 can be programmed to 
function as timer output pin (T), PWfvl output pins (PWM1, PWM2, and PWM3), respectively. 


A ~A 13 


Output port A 


Output 


These are for addresses to an EPROM mounted on the package. 


D ~D 7 


Input port D 


Input 


These are for input data from an EPROM mounted on the package! 
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BASIC FUNCTION BLOCK 

The differences between the M50955-PGYS and the 
M50955-XXXSP are noted below. The following explana- 
tions apply to the M50955-PGYS. 

Specification variations for other chips are noted accor- 
dingly. 



MEMORY 

The memory map is shown in Figure 1. The M50955-PGYS 
is mounted an EPROM instead of an internal ROM. 
The address of an EPROM is C000 16 ~ FFFF 16( and this 
memory size is 16384 bytes. Other than these, the M50955- 
PGYS has the same functions as the M50955-XXXSP has. 



Zero page « 

ROM 
(16K bytes)' 


RAM 
(192 bytes) 

Special 
page for t 
subroutine 
call 


f 0000 16 

• 00BF 16 

00E0 16 
00FF 16 

C000 16 
FF00 16 

FFF4 16 
FFFF 16 


D 


ecimal 



/ 

/ 

/ 

/ 
/ 

191 / 
/ 

/ 

/ 
/ 
/ 

/ 

255 










00E0 16 
00E1 16 
00E2 16 
00E3 16 
00E4 16 
00E5 16 
00E6 16 
00E7 16 
00E8 16 
00E9 16 
00EA 16 
00EB 16 
00 EC, 6 
00ED 16 
00EE 16 
0OEF 16 
OOF0 16 
00F1 16 
00F2 16 
00F3 16 
00F4 16 
00F5 16 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC 16 
00FD 16 
00FE 16 
00FF 16 


Port P0 






Port P1 




Not used 


Port P2 


Dnrt DO directional 
ran Vd. register 








Port P3 


Not used 


\'- 

\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 

\ 

\ 

\ 

\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

INT 2 \ 

S I/O or Timer 1 ^ 

Timer 2 \ 

Timer 3 ^ 

INT, \ 

\ 
RESET 
65535 


Port P3 ? eg 1^° r nal 


Port P4 




Port P5 




PortP6 




Port P6 ?i r g1ste°r nal 


PWM1-H register 


PWM1-L register 


PWM2 register 


PWM3 register 






PWM output mode register 


Serial I/O mode register 


Serial I/O register 






Address L 
Address H 


Timer 1 


Address L 
Address H 




Address L 
Address H 


Timer 2 


Address L 
Address H 


Timer 3 


Address L 
Address H 


Interrupt control register 


Address L 
Address H 


Timer control register 











Fig.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50955-XXXSP in 
the memory expanding mode. 

External memory map in the memory expanding mode is 
shown in Figure 2. 



i rrr 16 




External EPROM 




C000 16 










^^^ 


\\ 


0100 16 


^ 


WAYV^ 




00E8 16 


Timers, Port P3 


00E0 16 


Ports P0—P2 




\v 


$^\\>$^ 


\\ 


00C0 16 


^ 


^NNNNN^; 






Internal RAM 



Hatching indicates external memory area 



PRECAUTION FOR USE 

(1) In case of the M5L2764K or the M5L27128K EPROM 
use the following areas (refer to Figure 1 ): 

• For the M50754-XXXSP, usable ROM area are 
E800 16 ~FFFF 16 . 

M5L2764K addresses 0800 16 ~1 FFF 16 

M5L27128K addresses 2800 16 ~3FFF 16 

• For the M50954-XXXSP, usable ROM area are 
E000 16 ~FFFF 16 . 

M5L2764K addresses 0000 16 ~1FFF 16 

M5L27128K addresses 2000 16 ~3FFF 16 

. • For the M50955-XXXSP, usable ROM area D800 16 
~FFFF 16 . 
M5L27128K addresses 1800 16 ~3FFF 16 

(2) The M50955-PGYS has no options as the M50754- 
XXXSP, the M50954-XXXSP and the M50955-XXXSP. 
Therefore for the M50955-PGYS, the <t> output cannot 
be stopped. 



Fig. 2 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to Vss. 
Output transistors cut-off. 


—0.3—7 


V 


v P 


Pulldown input voltage 


Vcc-40~Vcc+0. 3 


V 


v, 


Input voltage, P2 ~P2 7 . P3 ~P3 7 

CNVss, P5 2 /INT 2 , P53/INT, 


-0.3-13 


V 


v. 


Input voltage, RESET, X, N , X C in 


-0.3-7 


V 


v, 


Input voltage, P6 ~P6 5 


-0. 3— Vcc+0. 3 


V 


v, 


Input voltage, P5 4 ~P5 7 


-0.3-13 


V 


Vo 


Output voltage, P2 ~P2 7 , P3 ~P3 7 


-0.3—13 


V 


Vo 


Output voltage, P6 ~P6 5 , X 0U t, X C out, 4> 


-0.3— Vcc+0. 3 


V 


Vo 


Output voltage, P0 ~P0 7 , P1 ~P17, P4 ~P4 7 , P5 , P5! 


Vcc-40— Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


T opr 


Operating temperature 




-10-70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



RECOMMENDED OPERATING CONDITIONS (V C c=5V±5%,T a =-10~70r, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


v P 


Pull-down supply voltage 


Vcc-38 




Vcc 


V 


Vss 


Supply voltage 









V 


V, H 


"H" input voltage P2 ~P2 7 , P3 ~P3 7 , CNV ss (Note2 ) 
P5 2 /INT 2 , P5 3 /INT 1p P6 ~P6 5 


0. 75V CC 




Vcc 


V 


V,H 


"H" input voltage RESET, X, N , X C in 


0.8V CC 




Vcc 


V 


V,H 


"H" input voltage P5 4 ~P5 7 


0.4V CC 




Vcc 


V 


V,l 


"L" input voltage P2 ~P2 7 , P3 ~P3 7 , CNV SS 
P5 2 /INT 2 , P53/INT,, P6 ~P6 5 







0. 25V CC 


V 


V, L 


"L" input voltage RESET 







0.12V CC 


V 


V, L 


"L" input voltage X| N , X C in ' 







0.16V CC 


V 


V 1L 


"L" input voltage P5<t~P5 7 







0.12V CC 


V 


loH(sum) 


"H" sum output current P0 ~P0 7 , P1 ~P17, P4 ~P4 7 
P5 , P5i 






-120 


mA 


'oH(sum) 


"H" sum output current P6 ~P6 5 






-5 


mA 


'oL(sum) 


"L" sum output current P2 ~P2 7) P3 ~P3 7 






50 


mA 


'oL(sum) 


"L" sum output current P6o~P6 5 






5 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 4 






-30 


mA 


'oH(peak) 


"H" peak output current P0 5 ~P0 7 , P1 ~P17 






-30 


mA 


'oH(peak) 


"H" peak output current P4 ~P4 7 , P5 , P5i 






-30 


mA 


'oH(peak) 


"H" peak output current P6 ~P6 5 






-3 


mA 


'oL(peak) 


"L" peak output current P2 ~P2 7 , P3 ~P3 7 






15 


mA 


'oL(peak) 


"L" peak output current P6 ~P65 






3 


mA 


'oH(avq) 


"H" average output current P0 ~P0 7 , P1 ~P17 






-12 


mA 


'oH(avq) 


"H" average output current P4 ~P4 7 , P5o, P5i 






-12 


mA 


•oH(avq) 


"H" average output current P6 ~P6 5 






-1.5 


mA 


'oL(avq) 


"L" average output current P2 ~P2 7 , P3 ~P3 7 , P6 ~P6 5 






10 


mA 


'oL(avq) 


"L" average output current P6 ~P6 5 






1.5 


mA 


f (x, N ) 


Clock input oscillating frequency ( Note 3 , 4 , 6 ) 






4.2 


MHz 


f (Xni N ) 


Clock oscillating frequency for clock function 






500 


kHz 



Note 2 ! High-level input voltage of up to +12V may be applied to permissible for ports P2 ~P2 7 , P3 ' 
P3 7 , CNV SS , and P5 2 ~P5 7 . 

3 : Oscillation frequency is at 50% duty cycle. 

4 : When used in the low-speed mode, the timer clock input frequency should be f( X iN) < f(xiN)/3. 

5 : When external clock input is used, the timer clock input frequency should be f(xciN) ^ 50kHz. 

6 : The average output current loL(avg) and 'oH(avg) ar © in period of 100ms. 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±5%, V ss = OV, T a = 25°C, f (X|N) = 4MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


# Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P6 ~P6 5 


Ioh =— 0-5mA 


Vcc-0.4 






V 


Vqh 


"H" output voltage <t> 


l OH =-2.5mA 


Vcc-2 






V 


Vqh 


"H" output voltage P0 ~P0 7) P1 ~P1 7 


Ioh=- 18mA 


Vcc-2 






V 


Vqh 


"H" output voltage P4 ~P4 7 , P5 , P5, 


l L=-12mA 


Vcc-2 






V 


Vol 


"L" output voltage P2 ~P2 7l P3 ~P3 7 


l OL =10mA 






2 


V 


Vol 


"L" output voltage P6 ~P6 5 


Iol=0. 5mA 






0.4 


V 


Vol 


"L" output voltage <f> 


l L=2.5mA 






2 


V 


V T +-V T _ 


Hysteresis P5 2 /INT 2 , PSa/INT, 




0.3 




1 


V 


V t +-V t - 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T _ 


Hysteresis P3 6 


When used as CLK input 


0.3 




1 


V 


V t +-V t - 


Hysteresis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P2 ~P2 7 , P3 ~P3 7 


V,=0V 






-5 


U A 


l|L 


"L" input current P6o~P6 5 


V,=0V 






-5 


juA 


IlL 


"L" input current P5 4 ~P5 7 


V,=0V 






—5 


juA 


IlL 


"L" input current RESET, X| N , X C in 


V,=0V 






-5 


fuA 


l|L 


"L" input current P5 2 /INT 2 , P53/INT! 


V,=0V 






-5 


/uA 


llH 


"H" input current P2 ~P2 7 , P3 ~P3 7 


V,=5V 






5 


/uA 


V,=12V 






12 


juA 


I.H 


"H" input current P6o~P6 5 


V,=5V 






5 


m a ■ 


'iH 


"H" input current P5 4 ~P5 7 


V,=5V 






5 


/uA 


I.H 


"H" input current RESET, X| N , X C in 


V,=5V 






5 


juA 


llH 


"H" input current P5 2 /INT 2l PSa/INT, 


V,=5V 






5 


juA 


V,=12V 






12 


U A 


l0L 


"L" output current P0 ~P0 7 , P1 ~P1 7l P4 ~P4 7 , P5 , P5i 


Vp=V C c-36V, V 0L =Vcc 


150 


450 


900 


U A 


V P =Vcc-36V, V L=Vcc-36V 






30 


juA 


Vram 


RAM retention voltage 


at clock stop 


2 




5.5 


V 


'cc 


Supply current 


Output pins open (output OFF) 
Vp=V C c, Vp=V S s Input'and I/O pins all at V ss 
X| N =4MHz (system operation) 




3 


6 


mA 



















X 1 =4MHz ceramic resonator 
X t =32. 768kHz quartz crystal 




° 1 X 
II . Xl . 


Vcc 






1 ± 1 

C2=Ri| 

i II T" 1 


x 'n RESET 

v P 

XoUT 

Input pin 
Xcin 

Xcout 

CNVss 




II * 

° 3 X 

II 2 






C 1 =C 2 =30pF resonator 

R^IMn 

C 3 =10pF 

C 4 =30pF 

R 2 =10MH 

R 2 ~100kn 


HhW- 

R 3 




Vss 










7 


7 


Output pins are open 



Fig.3 Supply current test circuit 
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DESCRIPTION 

The M50964-PGYS is an EPROM mounted-type micro- 
computer which utilizes CMOS technology, and is designed 
for developing programs for single-chip 8-bit microcompu- 
ters the M50964-XXXSP/M50963-XXXSP. It is housed in a 
piggyback-type 64-pin shrink DIP. 

There is a 28-pin socket on the package for the M5L2764K 
or the M5L27128K EPROM. 

The M50964-PGYS simplifies the development of programs 
for the M50964-XXXSP/M50963-XXXSP, and is excellent for 
making prototypes. 

The differences between the M50964-XXXSP and the 
M50963-XXXSP are only ROM size. 

Therefor the M50964-PGYS can be used for the develop- 
ment of programs for the M50964-XXXSP/M50963-XXXSP. 



DISTINCTIVE FEATURES 

• Differences with the M50964-XXXSP/M50963-XXXSP 
are: 

(1) ROMIess, EPROM is attached externally. 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 

APPLICATION 

Development of programs for the following systems; 

• Office automation equipment 

• VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 



Reference Voltage Input 

D-A Output 

PWM Output port 

Output port P6 < 



I/O port P4 



Vcc 

AV SS 

Vref- 

D-A- 

PWM- 

P6 3 < 

P6 2 < 

P^/Q < 

I P6 /T< 

P4 7 /AN 7 < 

P4 6 /AN 6 < 

P4 5 /AN 5 < 

P4 4 /AN 4 « 

P4 3 /AN 3 « 

P4 2 /AN 2 " 

P4,- 

P4 * 

P37/Sr DY "* 

P3 6 /CLK« 

P3 5 /S ut "* 

P3 4 /S IN - 

P3 3 /CNTR -» 

P3 2 /INT^ -» 

P3^ 

_P3o- 
Interrupt Input j^-p _ 

CNV S s 



E 

u 

>E 
■E 
-E 

-E pz: 

-E .©Vcc 

-E l^ 

M !©a 12 



I/O port P3 



Reset Input RESET - 

Clock Input X| N ■ 

Clock Output Xqut " 

Timing Output m, 

Vss 



-E 

.[JT 

*E 

► E 

>E 

► E 

•-•[20 

►m 

► [22 

►n 

>E 

■ E 
E 

>E 

■ E 
-E 
-E 

E 



~W 



28-pin socket for EPROM 



Vcc @ 
Vcc®. 1 
A13® I 
A 8 © j 
A 9 ® | 
A11 @| 
Vss ©I 
A10 @| 
Vss © ! 
D 7 ©I 
D 6 ©j 
D 5 ®[ 
D 4 ©I 



I® A 7 
I® A 6 
I® A 5 
j® A 4 
[©As 
I® A 2 
j® A, 
I© A 
]© D 
j© D, 
I© D 2 



'© v ss 

I 



D 3 ©I 

I .s« 

n< 

1- 
a. 

M50964-PGYS ! « 



Outline 64S1M 



64] «-»• 

n~ 

1« 
!~ 
1- 
a. 

ID. 

49] -< 

«|. 
«|. 
g, 
«|. 

I4J «♦ 
1. 
1. 
5|. 

4c]< 



P2 

P2 1 

P2 2 

P2 3 

P2 4 

P2 5 

P2 6 

P2 7 

P0 

PO1 

P0 2 

P0 3 

P0 4 

P0 5 

P0 6 

P0 7 

P1o 

P1i 

PI2 

P1 3 

PU 

P1 5 

P1e 

PI7 

P5 

P5 V 

P5 2 

P5 3 _ 

P5 4 /ED 4 

P5 5 /ED 5 

P5 6 /ED 6 

P5 7 /ED 7 



I/O port P2 



I/O port P0 



I/O port P1 



Input port P5 



The symbol "O" indicates sockets for EPROM. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
V S s 


Supply voltage 




Power supply inputs 5V±5% to V C c, and OV to V S s- 


CNVss 


CNVss 




This is usually connected to V S s- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/iS (under normal V C c 
conditions.) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X ut pins. If an external clock is used, the clock 
source should be connected the X| N pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 


<P 


Timing output 


Output 


This is the timing output pin. 


Int7 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


AV SS 


Voltage input for A-D 
and D-A 




This is GND input pin for the A-D and D-A converters. 


Vref 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D and D-A converters. 


D-A 


D-A output 


Output 


This is output pin from the D-A convereter. 


PWM 


PWM output 


Output 


This is output pin from the pulse width modulator. 
The output structure is N-channel open drain. 


P0 o ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. At reset, this port is set to input mode. The output structure is N-channel open drain. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 
The output structure is N-channel open drain. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
CMOS output. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. When serial I/O is used, P3 7 , 
P3 6 , P3 5 , and P3 4 work as S RD y- CLK, S ut. and S| N pins, respectively. Also P3 3 and P3 2 work as CNTR pin 
and the lowest interrupt input pin (INT 2 ), respectively. 


P4 ~P4 7 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port arid has basically the same functions as port PO. P4 4 ~P4 7 work as analog input 
port AN 4 ~AN 7 . 


P5 ~P5 7 


Input port P5 


Input 


Port P5 is an 8-bit input port. P5 4 ~P5 7 . can be used as the edge sense inputs. 


P6 ~P6 3 


Output port P6 


Output 


Port P6 is a 4-bit output port. At external trigger output mode, P6o and P6i are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively. 
The output structure is N-channol open drain. 


A ~A 13 


Output port A 


Output 


These are for addresses to an EPROM mounted on the package. 


D ~D 7 


Input port D 


Input 


These are for input data from an EPROM mounted on the package. 
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BASIC FUNCTION BLOCK 

The differences between the M50964-PGYS and the 
M50964-XXXSP/M50963-XXXSP are noted below. The fol- 
lowing explanations apply to the M50964-PGYS. 
Specification variations for other chips are noted accor- 
dingly. 



MEMORY 

The memory map is shown in Figure 1. The M50964-PGYS 
is mounted an EPROM instead of an internal ROM. 
The address of an EPROM is C000 16 ~ FFFF 16 , and this 
memory size is 16384 bytes. Other than these, the M50964- 
PGYS has the same functions as the M50964-XXXSP/ 
M50963-XXXSP have. 



Zero page < 



RAM 
(160 bytes)' 



009F 1( 



00FF, h 



C000 16 



ROM 
(16K bytes) 



Special 

page for 

subroutine { 

call 



FF00, b 



FFFF 16 





Not used 




Not used 






Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 


Address L 
Address H 



Decimal 





159 



INT 2 N 

S I/O or timer 2 v 
Timer 1 \ 
Timer X ^ 

Int7 



65535 



RESET 



00E0 16 
00E1 16 
00E2 1f> 
00E3 16 
00E4 1G 
00E5 16 
00E6 16 
00E7 16 
00E8, C 
00E9 16 
00EA 16 
00EB, 6 
00EC, 6 
00ED 16 
00EE 16 
00EF 16 
OOF0 16 
00F1 16 
00F2, 6 
00F3 16 
00F4, 6 
00F5 15 
00F6 16 
00F7 16 
00F8 16 
00F9 16 
00FA 16 
00FB 16 
00FC, 6 
00FD 16 
.00FE, 6 
* 00FF 16 



Port P2 



Port P3 



Port P4 



Port P5 



Port P5 latch 



Port P6 



Special function selection register 



D-A conversion register 



Pulse width modulation register 



Successive approximation register 



A-D control register 



Watchdog timer 



Serial I/O mode register 



Serial I/O register 



Timer 3 prescaler 



Timer 3 



Timer 1,2 prescaler 



Timer 1 



Timer 2 



Timer X prescaler 



Timer X 



Interrupt control register 



Timer control register 



Fig.1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M50964-XXXSP/ 
M50963-XXXSP in the memory expanding mode. 
External memory map in the memory expanding mode is 
shown in Figure 2. 



FFrr 




External EPROM 




C000 16 






^SS^X^^ 


0100 16 
00E8 16 


^^^^^wvw^N^\\\\ 




Timers, Port P3 


llilill 


00 Ad 6 


liiSiil 








Internal RAM 




0000 16 






Hatching indicates external memory area 



PRECAUTION FOR USE 

(1) In case of the M5L2764K or the M5L27128K EPROM 
use the following areas (refer to Figure 1 ): 

• For the M50964-XXXSP, usable ROM area are 
E800 16 ~FFFF 16 . 

M5L2764K addresses 0800 16 ~1FFF 16 

M5L27128K addresses 2800 16 ~3FFF 16 

• For the M50963-XXXSP, usable ROM area are 
D800 16 ~FFFF 16 . 

M5L27128K addresses 1800 16 ~3FFF 16 

(2) The M50964-PGYS has no options as the M50964- 
XXXSP/M50963-XXXSP. But, the M50964-PGYS can 
use the STP instruction. 



Fig. 2 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to Vss 
Output transistors cut-off 


-0.3-7 


V 


v, 


Input voltage Xin 


—0.3—7 


V 


v, 


Input voltage P2 ~P2 7 , P4 2 ~P4 7 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage P0 ~P0 7l P1 ~P17, P3 ~P3 7 
P4 , P4i, P5 ~P5 7i Int7 


-0.3-13 


V 


v, 


Input voltage CNV SS . RESET 


-0.3-13 


V 


Vo 


Output voltage P2 ~P2 7 , P4 2 ~P4 7 , X ut. 4>. D-A 


-0.3~V cc +0.3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P17, P3 ~P3 7 
P4 , P4 1p P6 ~P6 3 , PWM 


—0.3—13 


V 


Pd 


Power dissipation 


T a =25°C 


1000(Note1 ) 


mW 


Topr 


Operating temperature 




-10-70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


V S s 


Supply voltage 









V 


v RFF 


Reference voltage 


4 




Vcc 


V 


V, H 


"H" input voltage P0 ~P0 7l P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
INTi, RESET, X| Nl CNV SS , P6 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P0 ~P0 7 


0. 45V CC 




Vcc 


V 


v IL 


"L" input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3o~P3 7> P4 ~P4 7 , P5 ~P5 7 
INTi, CNVss, P6 







0. 2V CC 


V 


V, L 


"L" input voltage RESET 







0. 12V CC 


V 


V IL 


"L" input voltage X| N 







0. 1 6V CC 


V 


V IL 


"L" output voltage P0 ~P0 7 







0. 1 5V CC 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~PV 
P2o~P2 7 , P3 ~P3 7 
P4 ~P4 7 (Note2) 






10 


mA 


'oL(peak) 


"L" peak output current P6 ~P6 3 (Note 2 ) 






15 


mA 


'oL(peak) 


"L" peak output current PWM (Note 2 ) 






5 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7l P1 ~P17 
P2 ~P2 7 , P3 ~P3 7 
P4 ~P4 7 , (Notel ) 






5 


mA 


loL(avg) 


"L" average output current P6 ~P6 3 (Note 1 ) 






7 


mA 


'oL(avg) 


"L" average output current PWM (Note 1 ) 






2.5 


mA 


'oH(peak) 


"H" peak output current P2 ~P2 7 (Note 2 ) 






-10 


mA 


loH(avg) 


"H" average output current P2 ~P2 7 (Note 1 ) 






—5 


mA 


f (x, N ) 


Internal clock oscillating frequency 






4 


MHz 



Note 1 ' Average output current louavg) and loH(avg) a re tne average value of a period, of 100ms. 

2 : Total of "L" output current l OL , of ports P0, P1, P2, P3, P4, P6, and PWM is 80mA max. 

Total of "H" output current I h> of port P2 is 50mA max. 

3 '. "H" input voltage of ports P0, P1, P3, P4 ~P4 3l P5, and INT, is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (v cc =5v 


V S s=0V, T a =25°C, f( X|N )=4MHz, unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


VoH 


"H" output voltage P2 ~P2 7 


l O H=-10mA 


3 






V 


VoH 


"H" output voltage <f>, A ~A 13 


l OH =-2.5mA 


3 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7l P4 ~P4 7 , P6 ~P6 3 


l OL =10mA 






2 


V 


Vol 


"L" output voltage <j>, PWM, A ~A 13 


l L=5mA 






2 


V 


v T +-v T _ 


Hysteresis IN^ 




0.3 




1 


V 


V T +-V T - 


Hysteresis P3 6 


When used as CLK input 


0.3 


0.8 




V 


V t +-V t - 


Hysteresis P3 2 


When used as INT2 input 


0.3 




1 


V 


V T +-V T _ 


Hysteresis P3 3 


When used as CNTR input 


0.5 


1 




V 


V t +-V t - 


Hysteresis P6 


When used as T input 


0.5 


1 




V 


V t +-V t _ 


Hysteresis RESET 






0.5 


0.7 


V 


V t +-V t _ 


Hysteresis X| N 




0.1 




0.5 


V 


I,l 


"L" input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3o~P3 7) P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 3l PWM 


V,=0V 






—5 


juA 


I.L 


"L" input current INT 1f RESET, X| N , D ~D 7 


V,=0V 






—5 


VA 


Iih 


"H" input current P0 ~P0 7 , P1 ~P17, P3 ~P3 7 
P4 ~P4 3) P5o~P5 7 , P6 ~P6 3 
.PWM 


V,=12V 






12 


MA 


l|H 


"H" input current INT 1f RESET, X| Nl P2 ~P2 7 
P4 4 ~P4 7 , D ~D 7 


V,=5V 






5 


juA 


Vram 


RAM retention voltage 


When clock stopped 


2 






V 


Ice 


Supply current 


<t>, Xout- and D-A pins 
opened, other pins at 
V S s, and A-D converter 
in the finished condi- 
tion. 


f(x IN )=4MHz 
Square wave 




3 


6 


mA 


When clock stopped 
T a =25°C 






1 


uA 


When clock stopped 
T a =75°C 






10 



A-D CONVERTER CHARACTERISTICS (V CC =5V, V ss =AV S s=0V, T a =25°C, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref = Vcc 






8 


Bits 


- 


Absolute accuracy 


Vref = Vcc 






±3 


LSB 


Rladder 


Ladder resistance value 


Vref = Vcc 


2 




10 


kn 


tcONV 


Conversion time 








50 


/^s 


Vref 


Reference input voltage 




2 




Vcc 


V 


V,a 


Analog input voltage 









Vref 


. V 



D-A CONVERTER CHARACTERISTICS (v cc =5v, Vss=Av ss =ov,T a =25c,f ( > 



=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


Vref— Vcc 






5 


Bits 


- 


Error in full scale range 


Vref = Vcc 






±1 


% 


tsu 


Set up time 


Vref = Vcc 






3 


us 


Ro 


Output resistance 


Vref = Vcc 






3 


kn 


Vref 


Reference voltage 




4 




Vcc 


V 
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DESCRIPTION 

The M37450PSS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit mi- 
crocomputers M37450M2-XXXSP, M37450M4-XXXSP and 
M37450M8-XXXSP. The M37450PSS, being housed in a 
piggyback-type 64-pin shrink DIP, is compatible with the 
M37450M2-XXXSP, M37450M4-XXXSP and M37450M8- 
XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5M27C256K-12 or the M5M27C256K-15 EPROM may be 
used. 

The M37450PSS simplifies the development of programs 
for the M37450M2-XXXSP, M37450M4-XXXSP and M37450 
M8-XXXSP and is excellent for making prototypes. 



DISTINCTIVE FEATURES 

• Differences with the M37450M2-XXXSP, M37450M4- 
XXXSP and M37450M8-XXXSP are: 

(1) ROMIess, EPROM is attached externally. 

(2) Suitable EPROM is M5M27C256K-1 2, M5M27C256K 
-15. 

APPLICATION 

Development of programs for the following systems; 

• Slave controller for PPCs, facsimiles, and page printers 
© HDD, optical disk, inverter, and industrial motor control- 
lers 

• Industrial robots and machines 



PIN CONFIGURATION (TOP VIEW) 








P37/S R dy"*^"LL 


W 


H V cc 






P3 6 /S C LK ""^IJL 




U^-AVss 






P3 5 /T X D**[T 




1 - v REF 


Reference voltage input 




P3 4 /R X D**E 


28-pin socket for EPROM 


m -> d-a! 




I/O port P3 


P3 3 /PWM OU t^[I 




]o| -► D-A 2 


D-A output 




P3 2 /EV 3 ^U 


*■ 


1] — P4 /ANo 
H^-P^/ANt 






r® v cc ~~^-- /— v cc © j 


Input port P4 


PSo/EVt «~> H 




57] — P4 2 /AN 2 






P5 7 /DB 7 ~G[ 


1 (2) A 12 A14 © l 


U *+ P0 o /A o 






P5 6 /DB 6 ~Qo 


(3) A 7 A 13 © 


m^po'^A, 






P5 5 /DB 5 ^[lI 


La A J 


54] *+ P0 2 /A 2 






P5 4 /DB 4 *+ni 


I ® A 6 A 8 © 1 


H +* P0 3 /A 3 




I/O port P5 


P5 3 /DB 3 **[l3 


| (E> A 5 A 9 © I 


U ++ P0 4 /A 4 


I/O port PO 




P5 2 /DB 2 ^[TI 

ps^db^QI 


! © A 4 An © I 


10 — P0 5 /A 5 
50] — po 6 /A 6 






P5 /DBo^[]I 


' (Z) A 3 V ss © ' 


U <- P0 7 /A 7 






P6 7 /W-*[T7 


(D A 2 A 10 © | 


48]^P1o/A 8 






P6 6 /R^[H 




H**P1i'/A 9 






P65/CS — I31 


[ (D. A 1 V ss © | 


H«-*P1 2 /A 10 






P6 4 /A — H 


® A D 7 © I 


iU^PVAn 




I/O port P6 


P6 3 /FW — H 




44]— P1 4 /A 12 


I/O port P1 




P6 2 /INT 3 **[22 


[ <fl> D . D 6 © i 


1— P1 5 /A 13 






PG^INTs^H 


I (2) D-, D 5 © j 


!~PVA 14 






PBo/INTi^Hi 




4JHP1 7 /A 15 




Read/Write status output R/W «— [25 


I © D 2 D 4 © I 


40]^P2o/Do 




Synchronous signal output SYNC -^ — ^26 


I © V ss D 3 ,@ I 


U^P2 1 /D 1 




CNVss — HZ 


I I 


38] ++ P2 2 /D 2 




Reset input RESET -> [28 




37] — P2 3 /D 3 




Clock input x, N -♦ [29 




H ** P2 4 /D 4 


I/O port P2 


Clock output Xout^[1£ 




1]^P2 5 /D5 ' 




Timing output <#•«— [3?" 


M37450P£s 


34]**P2 6 /D 6 




V ss H 




D ** P2 7 /D 7 




Outline 64S1M 






rhe symbol "O" 


indicates sockets for EPROM. 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V C c and OV to V ss . 


CNVss 


CNVss 




Controls the processor mode of the chip. Normally connected to V ss or V C c 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2jus (under nomal Vcc 

conditions). 

If more time is needed for the .crystal oscillator to stabillize, this "L" condition should be maintained for the 

required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xin and X ut pins. If an external 
clock is used, the clock source should be connected to the X| N pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 


<t> 


Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four. 


SYNC 


Synchronous signal 
output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs. 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus. It is "H" during read and "L" during write. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same function as port PO. The high-order bits of the 
address are output except in single-chip mode. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same function as PO. Used as data bus except in single- 
chip mode. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same function as PO. Serial I/O, PWM output, or even I/O 
function can be selected with a program. 


P4 ~P4 2 


Input port P4 


Input 


Analog input pin for the A-D converter. They may also be used as digital input pins. 


P5 ~P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as PO. This port functions as an 8-bit data 
bus for the master CPU when slave mode is selected with a program. 


P6 ~P6 7 


I/O port P6 


I/O* 


Port P6 is an 8-bit I/O port and has basically the same function as PO. Pins P6 3 ~P6 7 change to control bus 
for the master CPU when slave mode is selected with a program. Pins P6o~P6 2 may be programed as ex- 
ternal interrupt input pins. 


D-A 1( D-A 2 


D-A output 


. Output 


Analog signal from D-A converter is output 


Vref 


Refference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter. 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter. 


A ~A 14 


Output port A 


Output 


Port A outputs the adresses to the EPROM mounted on the top of the package. 


D ~D 7 


Input port D 


Input , 


Port D takes the input data from the EPROM mounted on the top of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M37450PSS and the M37450M2 
-XXXSP, M37450M4-XXXSP and M37450M8-XXXSP are ex- 
plained below. As all other points are the same, only the 
differences are explained. 



MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The addresses of 
EPROM are 8000 16 to FFFF 16 , having 32K bytes. Internal 
RAMs are provided from 0000 16 to 00BF 16 (192 bytes) and 
from 0100 16 to 01FF 16 (256 bytes) for a total of 448 bytes. 
However, the 64-byte area from 01C0 16 to 01FF 16 cannot be 
used when creating masked ROM. The rest of the functions 
are equivalent to the M37450M2-XXXSP, M37450M4- 
XXXSP and M37450M8-XXXSP. 

















Zero page 




■00D0 16 


Port PO register 




RAM 

(192bytes) 


00BF 16 




/ 00D1 16 

/ 00D2 16 

/ 00D3 16 

/ 00D4 16 

/ 00D5 16 

/ 00D6 16 

/ 00D7 16 

/ 00D8 16 

/ 00D9 16 

00DA 16 

00DB 16 

00DC 16 

00DD 16 

, 00DE 16 

, 00DF 16 

\ 00E0 16 

. 00E1 16 

1 00E2 16 

\ 00E3 16 

\ 00E4 16 

i 00E5 16 

00E6 16 

\ 00E7 16 

\ 00E8 16 

\ 00E9 16 

, 00EA 16 

; 00EB 16 

* 00EC 16 

\ 00ED 16 

\ 00EE 16 

, . 00EF 16 

, 00F0 16 

. 00F1 16 

1 00F2 16 

\ ■ 00F3 16 

\ 00F4 16 

\ 00F5 16 

i 00F6 16 

\ 00F7 16 

\ 00F8 16 

\ 00E9 16 

\ 00FA 16 

\ 00FB 16 

\ O0FC 16 

,00FD 16 

,00FE 16 

00FF 16 


Port PO directional register 


Port P1 register 


Port P1 directional register 


Port P2 register 


Port P2 directional register 


Port P3 register 


Port P3 directional register 


Port P4 


Reserved 


00D0 16 


Reserved 


Port P5 register 


SFR 


Port P5 directional register 


Port P6 register 


Port P6 directional register 


\j iuui6 




RAM 
(256bytes) 


01BF 16 
n9nn._ 


MISRG1 


MISRG2 


D-A1 register 


D-A2 register 


A-D register 


A-D control register 


Inhibited 


Data bus buffer register 


Data bus buffer status register 


8000i 6 


Not used 


Receive/transfer buffer register 


Serial I/O status register 


Serial I/O control register 


UART control register 


Baud rate generator 


( 


PWM register (lower-byte) 


External ROM 
(32K bytes) 




PWM register (higher-byte) 


TimeM control register 


Timer2 control register 


Timer3 control register 


TimeM register (lower-byte) 


TimeM register (higher-byte) 


TimeM latch (lower-byte) 


TimeM latch (higher-byte) 


Timer2 reqister (lower-byte) 


Special 
page 


FF00 16 
FFE0 16 


Timer2 reqister (higher-byte) 




Timer2 latch (lower-byte) 


Timer2 latch (higher-byte) 


Timer3 register (lower-byte) 


Timer3 register (higher-byte) 


Timer3 latch (lower-byte) 


Timer3 latch (higher-byte) 


Interrupt request registeM 


Vector address area 


Interrupt request register2 


Interrupt control registeM 


I 


I FFFF 16 




Interrupt control register2 

















Fig. 1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M37450M2-XXXSP, 
M37450M4-XXXSP and M37450M8-XXXSP. 
Figure 2 shows the external memory area when the 
M37450PSS is in the memory expanding mode and Fig. 3 
shows the external memory area when the M37450PSS is in 
the microprocessor mode. 



0000 






Internal RAM 




00C0 16 
00D0 16 
0100 16 












SFR 










Internal RAM 




0200 16 










^^^^\ 


8000 16 


\\\ 


V\V\^^^ 












External EPROM 




FFFFi 6 








Ha 


tching 


indicates external memor 


y area. 



Fig. 2 Memory map in memory expanding mode 



0000 1f 

00C0 1£ 
00D'0 ie 
0100« 

0200 1£ 



FFFF 1£ 



Internal RAM 




SFR 


Internal RAM 


\\\ 


II 





Hatching indicates external memory area 



PRECAUTION FOR USE 

(1) Program area 

When developing programs on the M37450PSS, the 
ROM and RAM sizes of the M37450M2-XXXSP, 
M37450M4-XXXSP, and M37450M8-XXXSP must be 
considered. 

For the M37450M2-XXXSP, use the M37450PSS ROM 
program area from F000 16 to FFFF 16 . (Write the prog- 
ram from 7000 16 to 7FFF 16 on the EPROM.) 
Also,' when creating masked ROMs, note that the RAM 
area for the M37450M2-XXXSP is 128 bytes from 
0000 16 to 007F 16 . 

For the M37450M4-XXXSP, use the M37450PSS ROM 
program area from E000 16 to FFFF 16 . (Write the prog- 
ram from 6000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M4-XXXSP is 192 bytes from 
0000 16 to 00BF 16 and 64 bytes from 0100 16 to 013F 16 for 
a total of 256 bytes. 

For the M37450M8-XXXSP, use the M37450PSS ROM 
program area from C000 16 to FFFF 16 . (Write the prog- 
ram from 4000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M8-XXXSP is 192 bytes from 
0000 16 to 00BF 16 and 192 bytes from 0100 16 to 01BF 16 
for a total of 384 bytes. 

The 64 byte area from 01C0 16 to 01FF 16 can also be 
used as internal RAM. However, it cannot be used 
when creating masked ROMs because there is no cor- 
responding device. 

(2) External memory 

When developing programs,, note that the external 
memory area of the M37450PSS is as described in the 
previous section. 



Fig. 3 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

Output transistors are at "OFF" state 


-0.3—7 


V 


V, 


Input voltage RESET, X, N 


-0.3-7 


V 


V, 


Input voltage, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 , V RFF 


-0. 3— Vcc+0. 3 


V 


v. 


Input voltage CNV S s 


-0.3—13 


V 


Vo 


Output voltage, P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 
Xout, <t>, R/W, SYNC 


-0. 3-Vcc-r-O. 3 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


Topr 


Operating temperature 




-10-70 


°C 


Tstq 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (v cc = 5v±io%,T a 



10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 









V 


V,H 


"H" input voltage RESET, X, N , CNV SS (Notel) 


0. 8V CC 




Vcc 


V 


V,H 


"H" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 (except Notel) 


2.0 




Vcc 


V 


V, L 


"L" input voltage CNVss (Notel) 







0. 2V CC 


V 


v, L 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 (except Notel) 







0.8 


V 


V IL 


"L" input voltage RESET 







0. 12V CC 


V 


v IL 


"L" input voltage Xin 


• 




0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1o~P1z, P2 ~P2 7 
P3 ~P3 7 , P5o~P5 7 , P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1o~P17 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 (Note2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5o~P5 7> P6 ~P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 (Note2) 






-5 


mA 


f(x, N ) 


Clock oscillating frequency 


1 




10 


MHz 



Note 1 
2 
3 



Ports operate as INT 1 ~INT 3 (P6 ~P6 2 ), EV 1 ~EV 3 (P3 ~P3 2 ), R x D(P3 4 )and S C lk(P3 6 ). 

The average output current loH(avg) and louavg) a re the average value during a 100ms. 

The total of "L" output loupeak) of P ort Pu . P1 and p 2 is 40mA max. 

The total of "H" output loH(peak) of port P0, P1 and P2_|s 40mA max. 

The total of "L" output loupeak) of port P3, P5, P6, R/VV, SYNC and 4> is 40mA max. 

The total of "H" output l H(peak) of port P3, P5, P6, R/W, SYNC and 4> is 40mA max. 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, V ss = OV, T a = -10~70°C, f (XlN , = 10MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output R/W, SYNC, <f> 


Ioh = — 2mA 


V C c-1 






V 


Vqh 


"H" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


Ioh=— 5mA 


Vcc-1 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5o~P5 7 , P6 ~P6 7 
R/W, SYNC, <j> 


l 0L =2mA 






0.45 


V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


l L = 5mA 






1 


V 


V t +-V t - 


Hysterisis INT 1 ~INT 3 (P6 ~P6 2 ), £N^~£Nz{P?>q~P2> 2 ) 
R X D(P3 4 ), S C lk(P3 6 ) 


Function input level 


0.3 




1 


V 


V t +-V t _ 


Hysterisis RESET 








0.7 


V 


V t +-V t - 


Hysterisis X iN 




0.1 




0.5 


' V 


I.l 


"L" Input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7l P5 ~P5 7 


V,=V SS 


-5 




5 


VA 


P6 ~P6 7 , RESET, X, N 


llH 


"H" Input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 , RESET, X| N 


V|=V CC 


-5 




5 


M A 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


Ice 


Supply current 


At system operation 
f(X| N ) = 10MHz(Note4) 




6 


10 


mA 



Note 4 : Only for M37450PSS (not contact in EPROM dissipation current). 

A-D CONVERTER CHARACTERISTICS (v cc = 5v, v ss = av ss = ov, Ta = 25c t (x 



: 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


-■ 


Resolution 








8 


Bits 


- 


Absolute accuracy 


Vcc=V REF =5.12V 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








49 


t c (0) 


v 1A 


Analog input voltage 




AV SS 




AVcc 


V 


VvREF 


Reference analog input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


Vref=5V 


2 


7.5 


10 


kn 


'iVREF 


Reference analog input current 


V RE f=5V 


0.5 


0.7 


2.5 


mA 


Vavss 


Analog power input 











V 



D-A CONVERTER CHARACTERISTICS (Vcc = 5V, V ss = AV SS = 0V, T a = 25°C, f(X, N )= 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 








8 


Bits 


- 


Abusolute accuracy 


V C c=Vref=5.12V 






1.0 


% 


tsu 


Setup time 








3 


/US 


Ro 


Output resistance 




1 


2 


4 


kO 


Vavss 


Analog power input 











V 


Vvref 


Analog power input 




4 




Vcc 


V 


'vref 


Reference power input current 







2.5 


5 


mA 
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DESCRIPTION 

The M37450PFS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M37450M2-XXXFP, M37450M4-XXXFP and 
M37450M8-XXXFP. The M37450PFS, being housed in a 
piggyback-type 80-pin plastic QFP is compatible with the 
M37450M2-XXXFP, M37450M4-XXXFP and M37450M8- 
XXXFP. 

There is a 32-pin socket on the upper surface so that 
EPROM may be used. 

The M37450PSS simplifies the development of programs 
for the M37450M2-XXXFP, M37450M4-XXXFP and M37450 
M8-XXXFP and is excellent for making prototypes. 



DISTINCTIVE FEATURES 

• Difference with the M37450M2-XXXFP, M37450M4- 
XXXFP and M37450M8-XXXFP is: 

(1) ROMIess, EPROM is attached externally. 

APPLICATION 

Development of programs for the following systems: 

• Slave controller for PPCs, facsimiles, and page printers 
© HDD, optical disk, inverter, and industrial motor control- 
lers 

• Industrial robots and machines 



PIN CONFIGURATION (TOP VIEW) 2 



I/O port P3 



I/O port P5 



w n rr 



Q 5 o 
x u <r 



O CO CO CO CO CO CO 

z q. o. o. n n n 



W o 

> > 



: < < , 

|QQ[ 



1 It I M 1 I i 1 t t 



NC 
I PS^EVa — 
I PSo/EVt*- 



I/O port P6 



Write status output 

Read status output 

Read/write status output 

Synchronous signal output 




Reset. out RESETqut *~ 



t t . t 1 1 t It! Itt 



o z 



i 

Q QQQ QQQQ 



Input port P4 



I/O port PO 



I/O port P1 



Outline 80S6M 



The symbol "O" indicates socket for EPROM. 
NC ". No Connection 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
V ss 


Supply voltage 




Power supply inputs 5V±10% to V C c and OV to V S s- 


CNV S s 


CNVss 




Controls the processor mode of the chip. Normally connected to V S s or V C c 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under nomal Vcc 

conditions). 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 

required time. 


RESET 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and Xout pins. If an external 
clock is used, the clock source should be connected to the X| N pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 





Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four. 


SYNC 


Synchronous signal 
output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs. 


R/W 


Read/Write 
status output 


Output 


'This signal determines the direction of the data bus. It is "H" during read and "L" during write. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same function as port PO. The high-order bits of the 
address are output except in single-chip mode. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same function as PO. Used as data bus except in single- 
chip mode. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same function as PO. Serial I/O, PWM output, or even I/O 
function can be selected with a program. 


P4 ~P4 7 


Input port P4 


Input 


Analog input pin for the A-D converter. They may also be used as digital input pins. 


P5 ~P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as PO. This port functions as an 8-bit data 
bus for the master CPU when slave mode is selected with a program. 


P6 ~P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as PO. Pins P6 3 ~P6 7 change to control bus 
for the master CPU when slave mode is selected with a program. Pins P6 ~P6 2 may be programed as ex- 
ternal interrupt input pins. 


D-Al D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output 


ADV REF 


A-D refference 
voltage input 


Input 


Reference voltage input pin for A-D converter. 


DAV REF 


D-A refference 
voltage input 


Input 


Reference voltage input pin for D-A converter. 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter. 


AVcc 


Analog power supply 




Power supply input pin for A-D converter. 


RD 


Read signal output 


Output 


Control signal output as active "L" when vailed data is read from data bus. 


WR 


Write signal output 


Output 


Control signal output as active "L" when writing data from data bus to external component. 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset. It is used as a reset output signal for perpheral compo- 
nents. 


A ~A 14 


Output port A 


Output 


Port A outputs the adresses to the EPROM mounted on the top of the package. 


D ~D 7 


Input port D 


Input 


Port D takes the input data from the EPROM mounted on the top of the package. 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M37450PFS and the M37450- 
M2-XXXFP, M37450M4-XXXFP and M37450M8-XXXFP are 
explained below. As all other points are the same, only the 
differences are explained. 



MEMORY 

The memory map is shown in Figure 1. Instead of an inter- 
nal ROM, an EPROM is mounted. The addresses of 
EPROM are 8000 16 to FFFF 16) having 32K bytes. Internal 
RAMs are provided from 0000 16 to 00BF 16 (192 bytes) and 
from 0100 16 to 01FF 16 (256 bytes) for a total of 448 bytes. 
However, the 64-byte area from 01C0 16 to 01FF 16 cannot be 
used when creating masked ROM. The rest of the functions 
are equivalent to the M37450M2-XXXFP, M37450M4- 
XXXFP and M37450M8-XXXFP. 

















Zero page 




/00D0 16 


Port PO register 




RAM 
(192bytes) 






/ 00D1 16 

/ 00D2 16 

/ 00D3 16 

/ 00D4 16 

/ 00D5 16 

/ 00D6 16 

/ 00D7 16 

/ 00D8 16 

/ 00D9 16 

00DA, 6 

00DB 16 

00DC 16 

00DD 16 

, 00DE 16 

, 00DF 16 

; OOE0 16 

\ 00E1 16 

* 00E2 16 

1 00E3 16 

\ 00E4 16 

, 00E5 16 

00E6 16 

\ 00E7 16 

\ 00E8 16 

\ 00E9 16 

i 00EA 16 

. 0OEB 16 

1 00EC 16 

\ 00ED 16 

\ 00EE 16 

\ 00EF 16 

, 00F0 16 

. OOF-1,6 

1 00F2 16 

\ 00F3 16 

\ 00F4 16 

i 00F5 16 

, 00F6 16 

\ 00F7 16 

* 00F8 16 

\ 00F9 16 

1 00FA 16 

\ 00FB 16 

\ 00FC 16 

,00FD 16 

\00FE 16 

1 .00FF 16 


Port PO directional register 


Port P1 register 


Port P1 directional register 


Port P2 register 


Port P2 directional register 


Port P3 register 


Port P3 directional register 




00BF 16 


Reserved 


Port P4 register 


00D0 16 


Reserved 


Port P5 register 


SFR 


Port P5 directional register 


Port P6 register 


Port P6 directional register 


uiuu 16 




RAM 
(256bytes) 


01BF 16 


MISRG1 


MISRG2 


D-A1 register 


D-A2 register 


A-D register 


A-D control register 


, Inhibited 


Data bus buffer register 


Data bus buffer status register 




Not used 


Receive/transfer buffer register 


Serial I/O status register 


Serial I/O control register 


UART control register 


Baud rate generator 




dUUU 16 




PWM register (lower-byte) 


External ROM 
(32K bytes) 


ppnn.. 


PWM register (higher-byte) 


Timerl control register 


Timer2 control register 


Timer3 control register 


Timerl register (lower-byte) 


Timerl register (higher-byte) 


Timerl latch (lower-byte) 


Timerl latch (higher-byte) 


Timer2 register (lower-byte) 


Timer2 register (higher-byte) 


Special 
page 


FFE0 16 




Timer2 latch (lower-byte) 


Timer2 latch (higher-byte) 


Timer3 register (lower-byte) 


Timer3 register (higher-byte) 


Timer3 latch (lower-byte) 


Timer3 latch (higher-byte) 


Interrupt request registerl 


Vector address area 


Interrupt request register2 


Interrupt control registerl 




FFFF 16 




Interrupt control register2 















Fig. 1 Memory map 
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PROCESSOR MODE 

External memory area differs from the M37450M2-XXXFP, 
M37450M4-XXXFP and M37450M8-XXXFP. 
Figure 2 shows the external memory area when the 
M37450PFS is in the memory expanding mode and Figure 
3 shows the external memory area when the M37450PFS is 
in the microprocessor mode. 



0000 




Internal RAM 




ooco 16 

OOD0 16 
0100 16 










SFR 


Internal RAM 




0200 16 






\^^V^ 


8000 16 


^v^vvvvvvv^^ 




External EPROM 




FFFF 16 






Hate 


hlng indicates external memory 


area. 



Fig. 2 Memory map In memory expanding area 



0000 u 

ooco 1( 

00D0 1£ 
0100 ie 



0200 1( 



Internal RAM 



Internal RAM 




FFFF 16 
Hatching indicates external memory area 



PRECAUTION FOR USE 

(1) ' Program area 

When developing programs on the M37450PFS, the 
ROM and sizes of the M37450M2-XXXFP, M37450M4- 
XXXFP, and M37450M8-XXXFP must be considered. 
For the M37450M2-XXXFP, use the M37450PFS ROM 
program area from F000 16 to FFFF 16 . (Write the prog- 
ram from 7000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M2-XXXFP is 128 bytes from 
0000 16 to 0007F 16 . 

For the M37450M4-XXXFP, use the M37450PFS ROM 
program area from E000 16 to FFFF 16 . (Write the prog- 
ram from 6000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M4-XXXFP is 192 bytes from 
0000 16 to 00BF 16 and 64 bytes from 0100 16 to 013F 16 for 
a total of 256 bytes. 

For the M37450M8-XXXFP, use the M37450PFS ROM 
program area from C000 16 to FFFF 16 . (Write the prog- 
ram from 4000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M8-XXXFP is 192 bytes from 
0000 16 to 00BF 16 and 192 bytes from 0100 16 to 01BF 16 
for a total of 384 bytes. 

The 64 byte area from 01C0 16 to 01FF 16 can also be 
used as internal RAM. However, it cannot be used 
when creating masked ROMs because there is no cor- 
responding device. 

(2) External memory 

When developing programs, note that the external 
memory area of the M37450PFS is as described in the 
previous section. 

(3) EPROM orientation 

Figure 4 shows the orientation when mountting the 
EPROM on the M37450PFS. Insert the EPROM firmily 
until it hits bottom. 



Fig. 3 Memory map in microprocessor mode 
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Index 

on the package 




EPROM 



M37450PFS 



Fig. 4 EPROM orientation 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V ss . 

Output transistors are at "OFF" state 


—0.3—7 


V 


v, 


Input voltage RESET, X !N 


-0.3—7 


V 


v. 


Input voltage, P0 ~P0 7> P1o~P17. P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 , ADVrff, DAV rff , AV cc 


-0. 3~Vcc+0. 3 


V 


V, 


Input voltage CNV S s 


-0.3—13 


V 


Vo 


Output voltage, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7) P6 ~P6 7 
Xout. <t>, RD, WR, RESETout. SYNC 


-0. 3— Vcc+0. 3 


V 


Pd 


Power dissipation 


T a =25°C 


500 


mW 


Topr 


Operating temperature 




-10—70 


°C 


Tstq 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V C c = 5V±10%,T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 




• 




V 


V,h 


"H" input voltage RESET, X, N , CNV SS (Notel ) 


0. 8V CC 




Vcc 


V 


V,h 


"H" input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 (except Notel ) 


2.0 




Vcc 


V 


V, L 


"L" input voltage CN V ss (Notel) 







0. 2V CC 


V 


V IL 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 (except Notel ) 







0.8 


V 


V, L 


"L" input voltage RESET 







0. 12V CC 


V 


V, L 


"L" input voltage X| N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 (Note2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 7) P1 — P1 7 , P2 ~P2 7 
P3o~P3 7 , P5 ~P5 7 , P6 ~P6 7 






-10 


mA 


'oH(avg) 


"H" average output current POo~P0 7 , P1 ~P1 7 
P2o~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 (Note2) 






-5 


mA 


f(x IN ) 


Clock oscillating frequency 


1 




10' 


MHz 



Note 1 : Ports operate as INT 1 ~INT 3 (P6o~P6 2 ), EV 1 ~EV 3 (P3o~P3 2 ), R x D(P3 4 )and S CL k(P36). 

2 : The average output current l H(avg) and 'ouavg) are the average value during a 100ms. 

3 : The total of "L" output loupeak) of P ort P0. P" 1 an d p 2 is 40mA max. 

The total of "H" output l H(peak) of port P0, P1 andP2 isj4_0mA-max. 

The total of "L" output l OL (peak) of port P3, P5..P6, R/W, SYNC, RESET OU t. RD, WR and <j> is 

40mA max. 

The total of "H" output l OH (peak) of port P3, P5, P6, R/W, SYNC, RESET OU t, RD, WR and <j> is 
40mA max. 
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MITSUBISHI MICROCOMPUTERS 

M37450PFS 

PIGGYBACK for M37450M2OCXXFP,M37450IVI4-XXXFP l IVI37450IVI8-XXXFP 



ELECTRICAL CHARACTERISTICS (V cc = 5V±10%, V ss = 0V, T a = -10~70°C, f (X|N ) = 10MHz ( unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output RD, WR, SYNC, RESETout. 4> 


l 0H =-2mA 


Vcc-1 






V 


Vqh 


"H" output voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7l P5o~P5 7 , P6 ~P6 7 


loH=~5mA 


Vcc-1 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7l P5o~P5 7 , P6 ~P6 7 
R/W, RD, WR, SYNC, RESETout, 4> 


l L=2mA 






0.45 


V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


loL = 5mA 






1 


V 


V t +-V t - 


Hysterisis INT 1 ~INT 3 (P6 ~P6 2 ), EV 1 —EV 3 (P3 ~P3 2 ) 
R X D(P3 4 ), S C lk(P3 6 ) 


Function input level 


0.3 




1 


V 


V t +-V t - 


Hysterisis RESET 








.0.7 


V 


V T +-V T - 


Hysterisis X| N 




0.1 




0.5 


V 


I.l 


"L" Input current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 , RESET, X, N 


V|=V SS 


-5 




5 


^A 


Iih 


"H" Input current P0 ~P0 7 , P1 ~P17. P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7l P5 ~P5 7 


V|=V CC 


-5 




5 


M A 


P6 ~P6 7 , RESET, X, N 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


'cc 


Supply current 


At system operation 
f(X, N ) = 10MHz(Note4) 




6 


10 


mA 



Note 4 '. Only for M37450PFS (not contact in EPROM dissipation current). 



A-D CONVERTER CHARACTERISTICS (v C c=av C c=5v, v ss =av ss =ov, t 3 =25c 


, f( X|N )=10MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 








8 


Bits 


— 


Absolute accuracy 


V C c=AVcc=ADV REF =5. 12V 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








49 


t C (0) 


V IA 


Analog input voltage 




AV SS 




AVcc 


V 


Vadvref 


Reference analog input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF =5V 


2 


7.5 


10 


kn 


llADVREF 


Reference analog input current 


ADV REF =5V 


0.5 


0.7 


2.5 


mA 


Vavcc 


Analog power input 






Vcc 




V 


Vavss 


Analog power input 











V 



D-A CONVERTER CHARACTERISTICS (Vcc = 5V, V ss = AV SS = OV, T a = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 








8 


Bits 


— 


Abusolute accuracy 


V CC =DAV REF =5.12V 






1.0 


% 


*su 


Setup time 








3 


MS 


Ro 


Output resistance 




1 


2 


4 


kn 


Vavss 


Analog power input 











V 


Vdavref 


Analog power input 




4 




Vcc 


V 


'davref 


Reference power input current 







2.5 


5 


mA 
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BUILT-IN EPROM TYPE MICROCOMPUTERS 



E 



MITSUBISHI MICROCOMPUTERS 

M50746E-XXXSP/FP 
M50746ES/EFS 

EPROM VERSION of M50746-XXXSP/FP 



DESCRIPTION 

The M50746E-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M50746-XXXSP except that this 
chip has a 49152-bit (6144 wordsX8 bits) EPROM built in. 
This single-chip microcomputer is useful for home electric- 
al appliances and consumer appliance controllers. 
In addition to its simple instruction sets, the EPROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writers can be used for the built-in EPROM, this chip is 
suitable for small quantity production runs. 
The M50746ES and the M50746EFS are the window type. 
The differences between the M50746E-XXXSP and the 
M50746E-XXXFP and between the M50746ES and the 
M50746EFS are the package outline and the power dis- 
sipation ability (absolute maximum ratings). 

FEATURES 

• Number of basic instructions 69 

• Memory size EPROM 6144 bytes 

RAM ; 144 bytes 

• Instruction execution time 

2/us (minimum instructions at 4MHz frequency) 

• Single power supply 5V±5% 

• Power dissipation 

normal operation mode (at 4MHz frequency) ••••15mW 

• Subroutine nesting 72 levels (Max.) 

o Interrupt ■ 6 types, 5 vectors 

• 8-bit timer 3 

• Programmable I/O ports (Ports PO, P1, P2, P3, P4)— 40 

• Input ports (Port P5) 8 

• Output ports (Port P6) 4 

• A-D converter 8-bit successive approximation 

• D-A converter 

• 8-bit PWM function 

• Watchdog timer . 

• EPROM (equivalent to the M5L2764) 

program voltage 21V 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 




Vcc II 


\~j 


64]~P2o/Do 


Reference aw ^ IT 
voltage AVss ^ 




1U**P2 1 /D 1 




input V REF -^|T 




H~P2 2 /D 2 




D-A output D-A — [T 




6D~P2 3 /D 3 


I/O 
port 
P2 


Pulse width 
modulator 


PWM— [T 
P6 3 — [I 




H «-> P2 4 /D 4 

1U^P25/D5 


Output 


P6 2 -[7 




1U^P2 6 /D 6 




port P6 


P61-E 
I P60-E 

P4 7 /AN 7 «~[To 
P4 6 /AN 6 -*|TT 




13^P2 7 /D 7 
H^POo/Ao 
H**P0 1 /A 1 
13 ~ P0 2 /A 2 






P4 5 /AN 5 ~[l2 




I] ~ PO3/A3 


I/O 
port 




- P4 4 /AN 4 ^|]3 


■ 


U +* P0 4 /A 4 


I/O port P4 


P4 3 «- m 


k 


HI^POs/As 






P4 2 /CE~[l5 


*sL "ni 


H~P0 6 /A 6 






P4 1 /OE^[T6 


en •£>. 

O O) 


H ** P0 7 /A 7 






P4 /PGM-~[T7 


so m 


U*+P1 /A B 






P3 7 ~[T8 


(J> X 

m x 


H-M-PVAg 






P3 6 ^[T9 


CO X 

en 


U^P1 2 /A 10 






P3 5 ^Ho 




U-^PIg/An 


I/O 




P3 4 **HI 




U**P1 4 /A 12 


port 
P1 


I/O port P3 


P3 3 /CNTR~H 




U~P1 5 /A 13 




P3 2 /INT 2 ~l23 




1— P1 6 /A 14 






P3^^^ 




iD^PIy/Ais 






P3 ~H 




40]*-P5o 




Interrupt input |nj 1 _♦. [26 




U — P5, 




CNVss/Vpp-^Hz 




H— P5 2 




Reset input RESET -* [28 


, 


37] — P5 3 


Input 


Clock input X| N -* H 




U — P5 4 /ED^ 


ports 
P5 


Clock output Xout — H° 




U— P5 5 /et3^ 




Timing output 0— [|T 




M +~ P5 6 /ED^ 




V ss H 




33]— P5 


r/ED 7 

w) 




Outlin 


_ 64P4B(OTP) 
64S1B(Windo 


<o r- o-^M^o5 l Dis.cooi2'"^ co,r ' n 




QQ <<<<<<<<<<<<<<<< 








NNUOOOO OO OOt-t-i-t-i-t-t-t-Oio 




Q.Q.ZQ.Q.D.Q.Q.D-CLQ.CLQ.Q.Q-Q.Q.Q.Q.ZQ. 






n 1 1 n n 1 1 1 \ t n t it i 




3 5i 




57l[56f55lR[53l[52l[^ 


P2 5 /D 5 — Hi 




U— F 


P2 4 /D 4 — HI 


O ■ 


ID— P5 2 


P2 3 /D 3 — Ho 
P2 2 /D 2 — Hi 


13— P5 3 

I] — P5 4 /ED 4 


P2 1 /D 1 — [H 




H— P5 5 /ED 5 


P2 /D — H 


M5746E-XXXFP 


E — P5 6 /ED 6 


NC [64 




30]— P5 7 /ED 7 


V ss HI 


or 


U V ss 


. NC [65 




28]— ► (f) 


Vcc HZ 


M50746EFS 


1— Xqut' 


AV SS HI 




2H-X IN 


Vref-HI 


O O 


1]— RESET 


D-A— HI 


E CNVss/Vpp 


PWM —Hi 




23] ~ NC 


P6 3 - HI 




22] h 


JC 


. 


'l|2||3||4||b||6B7|8||9||l0'||uBl2||l3|l4||l5||l6||l7||l8||l9|20||2l| 






iiJiiiiiiiiiitmii.i 


cp <p co z Z Z Z ^Tr CO CD CO CO Fh co coin y 

0. a. cl < < 5 < Q.IOIO q a. cl o. 0. d z a. CL z z 




<* •<? ■<? ■<? J n" ~o ^ £ 
Q. 




72P6(OTP) 




UUtline 72S6 (Window) NC : No connection 
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M50746E-XXXSP BLOCK DIAGRAM 



Clock input Clock output Timing output 

X|N X UT 

. . ^..—ng) — ®- 

n 



Interrupt input Reset input 
intT RESET 
(f6> ® 




Clock generator 
circuit . 



Watchdog timer 



7"v 



Sr> 



^L 



Processor 




Program 


Program 


status 
register 

PS (8) 




counter 

PC H (8) 


counter 

PC L (8) 



8-BIT 
Arithemetic 

and 
logical unit 

— T^T" 



Accumulator 

A(8) 

— ^Tv — 






iZ 



r 



Stack 
pointer . 

S(8) 



RAM 
144 bytes 



^Jl 



xs 



7T 



^2: 



Index 
register 

X(8) 



Index 
register 

Y(8) 



EPROM 
6144 bytes 



^Z. 



^z. 



c 



x£ 



7T 



3^ 



H 



£L 



Timer 1 
Tl(8) 



Presceler 

PRE 12 (8) 



liS 



Timer 2 

T2(8) 



£ 



X2* 



^. 



Presceler 
PREX(8) 



±Z- 



Instruction 
register (8) 



egistei 

ML 



Instruction 
decoder 



u& 



Timer X 
TX(8) 



CONTROL SIGNAL 



TV 7"v 

I 



INT 2 

J, 




P0(8) 



Output port pwM D-A V REF AV SS input port P5 
P6 



I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 



m 

-o 
so 

o 
3 

< 
m 



3 

o 

O 

I 

X 
X 
X 

(/> 
■n 



<n 

o 

4* 
O 

m 
o> 

m 
■n 



en 5> 
o c 

O 

m 



(A 



X 



o 

o 

x| 

w c 



MITSUBISHI MICROCOMPUTERS 

M50746E-XXXSP/FP 
M50746ES/EFS 

EPROM VERSION of M50746-XXXSP/FP 



FUNCTIONS OF 


M50746E-XXXSP 




Parameter 


Functions 


Number of basic instructions 


69 


Instruction excution time 


2/us (minimum instructions, at 4MHz frequency) 


Memory capacity 


EPROM 


6144bytes(Note1) 


RAM 


144bytes 


I/O ports 


INT{ 


Input 


1-bitX1 


PO, P1, P2, P3, P4 


Input/output 


8-bitX5( portion of P3 used with timer I/O and interrupt input) 


P5 


Input 


8-bitX1 


P6 


Output 


4-bitXl 


Timers 


8-bit prescalerX2+8-bit timerX3 


A-D converter 


8-bitX 1 (4 channels) 


D-A converter 


5-bitX1 


Pulse width modulator 


8-bitX1 


Watchdog timer 


15-bitXl 


Subroutine nesting 


72levels (max) 


H nterrupt 


2extemal interrupts, 3internal timer interrupts 


Clock generating circuit 


Built-in (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


High-speed operation 


15mW (at 4MHz frequency) 


I/O characteristics 


I/O voltage 


12V (Ports PO, P1, P3, P4, P5, P6, TntT) 


Output current 


5mA (Ports PO, P1, P2, P3, P4) 


Memory expansion 


Possibe 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50746E-XXXSP 


One time programming type 


64-pin shrink plastic molded DIP 


M50746ES 


Window type 


64-pin shrink ceramic DIP 


M50746E-XXXFP 


One time programming type 


72-pin plastic molded QFP 


M50746EFS 


Window type 


72-pin ceramic QFP 



Note 1 : The EPROM programming voltage is 21V (equivalent to the M5L2764). 
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MITSUBISHI MICROCOMPUTERS 

M50746E-XXXSP/FP 
M50746ES/EFS 

EPROM VERSION of M50746-XXXSP/FP 



PIN DESCRIPTION 



Terminal 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Singl-chip 
/EPROM 


Power supply 




Supply 5V±5% to Vcc and OV to V SS - 


CNVss 


Singl-chip 


CNVss input 


Input 


Connect to OV. 


EPROM 


V PP input 


Connect to V PP when programming or verifing. 




Single-chip 


RESET input 


Input 


To reset, keep this input terminal low for more than 2/j.s (min) under normal V C c 
conditions. If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be maintained for the required time. 


RESET 


EPROM 


RESET input 


Connect to V S s- 


XlN 


Single-chip 
/EPROM 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X| N and Xout for clock 
oscillation. If an external clock input is used, connect the clock input to the X| N pin 
and open the X ut pin. 


XoUT 


Clock output 


Output 


<t> 


Single-chip 
/EPROM 


Timing output 


Output 


For timing output. 


INTt 


Single-chip 


Interrupt input 


Input 


Interrupt input INTt. 


EPROM 


Interrupt input 


Input 


Connect to OV. - 


P0 o ~P0 7 


Singl-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with direction registers which can program each bit as 
input or output. It is set to input mode at reset.. The output format is N-ch open drain. 


EPROM 


Address input A ~A 7 


Input 


PO works as the lower 8 bit address input (A ~A 7 ). 


P1o~P1 7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port which has the same function as Port PO. 


EPROM 


Address input A 8 ~Ai 2 


Input 


P1o~P14 works as the higher 5 bit address inputs (A 8 ~A 1 2). 
Connect P1 5 ~P1 7 to Vcc- 


P2 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port which has the same function as Port PO. The output for- 
mat is CMOS. 


EPROM 


Data input/ 
output D ~D 7 


I/O 


Port 2 works as an 8 bit data bus (D ~D 7 ). 


P3 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3, is an 8-bit I/O port, has the same function as Port PO. P3 3 and P3 2 are com- 
monly used with I/O pin CNTR of timer X and the lowest interrupt input INT 2 , re- 
spectively. 


EPROM 


Input Port P3 


Input 


Connect to OV. 


P4 ~P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port which has the same function as Port PO. Ports P4 7 ~P4 4 
are common with Analog inputs AN 7 ~AN 4 . 


EPROM 


Select mode 


Input 


P4 2 , P4 1f P4 work as CE, OE and PGM inputs, respectively. 
Connect P4 5 ~P4 7 to OV and P4 4 and P4 3 to 5V. 


P5 ~P5 7 


Single-chip 


Input port 


Input 


Port P5 is an 8-bit input port. Ports P5 7 ~P5 4 have edge sence functions. 


EPROM 


Input port 


Input 


Connect to OV. 


P6 ~P6 3 


Single-chip 


Output port 


Output 


Port P6 is a 8-bit output port. The output format is N-ch open drain. 


EPROM 


Output port 


Output 


Connect to OV. 
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MITSUBISHI MICROCOMPUTERS 

M50746E-XXXSP/FP 
M50746ES/EFS 

EPROM VERSION of M50746-XXXSP/FP 



PIN DESCRIPTION 



Terminal 


Mode 


Name 


Input/ 
Output 


Functions 


AV SS 


Single-chip 


Analog voltage input 


Input 


GND pin for the A-D and D-A converters. 


EPROM 


Analog voltage input 


Input 


Connect to OV. 


v REF 


Single-chip 


Reference voltage 
input 


Input 


Referrence input for A-D and D-A converters. 


EPROM 


Reference voltage 
input 


Input 


Connect to OV. 


D-A 


Single-chip 


D-A output 


Output 


D-A converter output pin 


EPROM 


D-A output 


Output 


Connect to OV. 


PWM 


Single-chip 


PWM output 


Output 


Pulse width modulation output pin (N-ch open drain format). 


EPROM 


PWM output 


Output 


Connect to OV. 
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MITSUBISHI MICROCOMPUTERS 

M50746E-XXXSP/FP 
M50746ES EFS 

EPROM VERSION of M5Q746-XXXSP/FP 



EPROM MODE 

The M50746E-XXXSP features an EPROM mode in addition 
to its normal modes. When the RESET signal level is low 
("L") , the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
and Figure 2 give the pin connections in the EPROM mode. 
When in the EPROM mode, ports PO, P1, P2, P4 ~P4 2 , and 
CNV SS are used for the EPROM (equivalent to the 
M5L2764). When in this mode, the built-in EPROM can be 
written to or read from using these pins in the same way as 
with the M5L2764. The oscillator should be connected to 
the X, N and X ut pins, or external clock should be con- 
nected to the X| N pin. 



Table 1 Pin function in EPROM programming mode 



^^-^^^ 


M50746E-XXXSP/FP 


M5L2764 


Vcc 


Vcc 


V cc 


V PP 


CNV SS /Vpp 


Vp P 


Vss 


V ss 


V ss 


Address input 


Ports PO, P1 ~P14 


A ~A 12 


Data I/O 


Port P2 


D ~D 7 


CE 


P4 2 /CE , 


CH 


OE 


P4T/OE 


OE 


PGM 


P4 /PGM 


PGM 




64]~P2o/D r -® 

U^P2 1 /D 1 — © 

U— P2 2 /D 2 © 

6l]~P23/D3 © 

60]^P24/D 4 © 

1I~P25/D 5 - — © 

H~P2 6 /D 6 @ 

57]«-P2 7 /D 7 © 

U — P0 /A © 

U — PCVA, © 

54] ^ P0 2 /A 2 © 

1U — PO3/A3 ©• 

1-P0 4 /A 4 © 

HHPO5/A5 © 

1-P0 6 /A 6 © 

U«-P0 7 /A 7 © 

U— P1 /A 8 — © 

H"-P1i/A 9 © 

H— P1 2 /A 10 © 

H^-Pla/An © v < 

3*- PVAi 2 © ~^~ 

U«-P1 5 " 

1-P1 6 - 

]D-pi7 

40]*-P5o 

H — P5! 

U «- P5 2 = 

37]^P53— 

U — P5 4 /ED 4 

H «- P5 5 /ED^ 

34]^P5 6 /ED; — 
U — P5 7 /ED^ 



CD "Same functions as M5L2764 



Fig.1 Pin connection in EPROM programming mode(M50746E-XXXSP, M50746ES) 
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MITSUBISHI MICROCOMPUTERS 

M50746E-XXXSP/FP 
M50746ES EFS 

EPROM VERSION of M50746-XXXSP/FP 



<g>- 
®- 
©- 
®- 

©- 
©- 



©- 
©- 



777 Vs: 



-Q- v c , 



@© @dXi)©®®®00®(D(D(D 



777 
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O • Same functions as M5L2764 



Fig.2 Pin connection in EPROM progamming mode(M50746E-XXXFP, M50746EFS) 
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EPROM READING, WRITING AND 

ERASING 

Reading __ 

To read the EPROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A ~A 12 ) to be read and the data will be output to the 
I/O pins D ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the EPROM, set the CE pin to a "L" level and 
the OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins Ao~A 12 , and the data to 
be written is input to pins D ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 

Notes on Writing 

When using an EPROM writer, the address range should 
be between 0800 16 and 1FFF 16 . When data is written be- 
tween addresses 0000 16 and 1FFF 16) fill addresses 0000 16 
to 07FF 16 with 00 16 . 

Erasing 

Data can only be erased on the M50746ES and the 
M50746EFS ceramic package, which includes a window. 
To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W*s/cm 2 . 

Table 2 I/O signal in each mode 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to Write data, care 
should be taken when turning on the EPROM writer's 
power. 



~~~-~ -— __^^ Pin 

Mode ~~" _^_^ 


CE(15) 


OE(16) 


PGM(17) 


Vp P (27) 


Vcc(D 


Data I/O 
(57—64) 


Read-out 


V|L 


V, L 


V, H 


Vcc 


Vcc 


Output 


Programming 


V, L 


V, H 


Pulse(V IH — V, L ) 


V PP 


Vcc 


Input 


Programming verify 


V, L 


V, L 


V, H 


v PP 


Vcc 


Output 


Program disable 


V, H 


X 


X 


Vp P 


Vcc 


Floating 



Note 1 : V| L and V, H indicate a "L" and "H" input voltage, respectively. 
2 ! An X indicates either V| L or V| H . 
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ABSOLUTE MAXIMUM RATINGS 



Note 1 
Note 2 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

With the output transistor cut-off 


—0.3—7 


V 


V, 


Input voltage X| N 


-0.3—7 


V 


V| 


Input voltage P2 ~P2 7 , P4 4 ~P4 7 


-0. 3— Vcc+0. 3 


V 


v, 


Input voltage P0 ~P0 7 , P1 ~P17. P3 ~P3 7 , P4 ~P4 3 , 
P5 ~P5 7 , IntT 


-0.3—13 


V 


V, 


Input voltage CNV SS , RESET 


-0.3— 13 (Note 1) 


V 


Vo 


Output voltage P2 ~P2, P4 4 ~P4 7l X ut. 4>, D-A 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P1 7 , P3 ~P3 7 , P4 ~P4 3 , 
P6 ~P6 3 , PWM 


-0.3—13 


V 


Pd 


Power dissipation 


T a =25°C 


1000(Note2) 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



In EPROM programming mode, CNV SS is 22. OV 
300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max.' 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


V S s 


Supply voltage 









V 


v REF 


Reference voltage 


4 




Vcc 


V 


V, H 


"H" input voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 
INT 1f RESET, X, N , CNV SS 


0. 8V CC 




Vcc 


V 


V, L 


"L" input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 

TFTn, CNVss 







0. 2V CC 


V 


V, L 


"L" input voltage RESET 


■0 




0. 12V CC 


V 


V, L 


"L" input voltage X| N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P17. 
P2o~P2 7 , P3 ~P3 7 , 
P4 ~P4 7 , PWM 
(Note 4) 






10 


mA 


'oL(peak) 


"L" peak output current P6 ~P63 (Note 4 ) 






15 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1o~P1 7 , 
P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7 , PWM 
(Note 3) 






5 


mA 


loL(avq) 


"L" average output current P6 ~P6 3 (Note 3 ) 






7 


mA 


'oH(peak) 


"H" peak output current P2 ~P2 7 (Note 4 ) 






-10 


mA 


'oH(avq) 


"H" average output current P2 ~P2 7 (Note 4 ) 






-5 


mA 


f(x, N ) 


Internal clock oscillating frequency 






4 


MHz 



Note 3 1 The average output currents loi-(avg) and 'oH(avg) are tne average value of a period of 100ms. 

4 : Do not allow the combined low- level output current of ports P0, P1, P2, P3, P4, P6, and PWM to 

exceed 80mA. 

Do not allow the combined high- level output current of port P2 to exceed 50mA. 

5 : "H" input voltage of ports' P0, P1, P3, P4 ~P4 3 , P5 and INT, is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (T a =25c 


, V C c=5V, V ss =0V, f ( 


X|N )=4MHz, unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P2 ~P2 7 


l O H=-10mA 


3 






V 


Vqh 


"H" output voltage 4> 


l H=-2.5mA 


3 






V 


Vol 


"L" output voltage POo~P0 7 , P1o~P17. P2 ~P2 7> 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 3 , 
PWM 


loL=V0mA 






2 


V 


Vol 


"L" output voltage <t> 


loL = 5mA 






2 


V 


V T+ -V T _ 


Hysteresis INTi 




0.3 




1 


V 


V T +-V T - 


Hysteresis P3 2 


When used as INT 2 input 


0.3 




1 


V 


V T +-V T _ 


Hysteresis P3 3 


When used as CNTR input 


0.5 


1 




V 


V t +-V t - 


Hysteresis RESET 






0.5 


0.7 


V 


Vt+-V t - 


Hysteresis X (N 




0.1 




0.5 


V 


IlL 


"L" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3o~P3 7 , P4 ~P4 7> P5 ~P5 7 , 
P6o~P6 3 , PWM 


V,=0V 






-5 


juA 


IlL ' 


"L" input current INTi, RESET, X, N 


V,=0V 






-5 


UA 


llH 


"H" input current P0 ~P0 7 , P1 ~P1 7 , P3 ~P3 7 , 
P4o~P4 3 , P5 ~P5 7 , 
P6o~P6 3 , PWM 


V,=12V 






12 


MA 


l,H 


"H" input current INTi, RESET, X, N , P2 ~P2 7 , 
P4 4 ~P4 7 


V,=5V 






5 


juA 


v RAM 


RAM retention voltage 


When clock disabled 


2 






V 


Ice 


Supply current 


0.. XbUT,. and D-A P' nS 

opened, other pins at 
V S s, and A-D conver- 
ter in the finished 
condition. 


f (X|N )=4MHz 
Square wave 




3 


6 


mA 


At clock stop 
Ta=25°C 






1 


MA 


At clock stop 
Ta=70X 






10 


ma 



A-D CONVERTER CHARACTERISTICS (T a =25C v 00 =5v, v ss =ov. t, 



X| N )' 



=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 


V REF =Vcc 






8 


Bits 


- 


Absolute precision 


Vref=V C c, 






±3 


LSB 


Rladder 


Ladder resistance 


Vref == Vcc ' 


2 




10 


kn 


tcONV 


Conversion time 








50" 


MS 


V REF 


Reference voltage 




2 




Vcc 


V 


V IA 


Analog input voltage 









Vref 


V 



D-A CONVERTER CHARACTERISTICS (T a =25 C, V CC =5V, V ss =0V, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


. Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 


Vref = Vcc 






5 • 


Bits 


- 


Error in full scale range 


Vref^Vcc. 






±1 


% 


tsu 


Setup time 


Vref = Vcc 






3 


MS 


Ro 


Output resistance 


Vref=V C c 






3 


kn 


V REF 


Reference voltage 




4 




Vcc 


V 
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TIMING REQUIREMENTS 

Single-Chip mode (T a =25*C, V c=5V±5%, V ss =0V, f (x , N >=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(poD— 0) 


Port PO input setup time 




270 






ns 


tsU(P1D— <A) 


Port P1 input setup time 




270 






ns 


tsU(P2D— <f>) 


Port P2 input setup time 




270 






ns 


tsU(P3D— (*) 


Port P3 input setup time 




270 






ns 


tsil(P4D— <t>) 


Port P4 input setup time 




270 






ns 


tsU(P5D— </>) 


Port P5 input setup time 




270 






ns 


thu— POD) 


Port PO input hold time 




20 






ns 


th(0— P1D) 


Port P1 input hold time 




20 






ns 


thC?*— P2D) 


Port P2 input hold time 




' 20 






ns 


th(0— P3D) 


Port P3 input hold time 




20 






ns 


th(0— P4D) 


Port P4 input hold time 




20 






ns 


*h((*— P5D) 


Port P5 input hold time 




20 






ns 


tc 


External clock input cycle time 




250 






ns 


tw 


External clock input pulse width 




75 






ns 


tr 


External clock rise-time 








25 


ns 


tf 


External clock fall-time 








25 


ns 



Eva-Chip 


mode (T a =25°C, V CC =5V±5%, V S s=0V, f (X|N )=4MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(POD— <t>) 


Port P0 input setup time 




270 






ns 


tsil(P1D— «o 


Port P1 input setup time 




270 






ns 


tsU(P2D— <t>) 


Port P2 input setup time 




270 






ns 


th(<6— POD) 


Port PO input hold time 




20 






ns 


th(<*— P1D) 


Port P1 input hold time 




20 






ns 


th(<*— P2D) 


Port P2 input hold time 




20 






ns 



Memory expanding mode microprocessor mode 



(T a =25 C, V CC =5V±5%, V S s=0V, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU(P2D— <t>) 


Port P2 input setup time 




270 






ns 


th(<*— P2D) 


Port P2 input hold time 




30 






ns 
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SWITCHING CHARACTERISTICS 
Single-Chip mode (T a =25c, v cc =5v±5%, 



=0V, f ( 



X| N )' 



=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tdU— POQ) 


Port PO data output delay time 


Fig. 2 






230 


ns 


td(<*— piq) 


Port P1 data output delay time 


Fig. 2 






230 


ns 


td(<A-P2Q) 


Port P2 data output delay time 


Fig. 3 






230 


ns 


td(0— P3Q) 


Port P3 data output delay time 


Fig. 2 






230 


ns 


^dC^— P4Q) 


Port P4 data output delay time 


Fig. 2 






230 


ns 


*d(.<f>— P6Q) 


Port P6 data output delay time 


Fig. 2 






230 


ns 



Eva-Chip 


mode (T a =25°C, Vcc = 5V±5%, V ss =0V, f (X|N )=4MHz ( unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*— POA) 


Port P0 address output delay time 


Fig. 2 






250 


ns 


td(<*— POAF) 


Port P0 address output delay time 






250 


ns 


*d(<*— POQ) 


Port P0 data output delay time 






200 


ns 


td(<*— POOF) 


Port P0 data output delay time 






200 


ns 


*d(<*— pia) 


Port P1 address output delay time 






250 


ns 


td(<*— P1AF) 


Port P1 address output delay time 






250 


ns 


td(?>— piq) 


Port P1 data output delay time 






200 


ns 


td(0— P1QF) 


Port P1 data output delay time 






200 


ns 


tdC^— P2Q) 


Port P2 data output delay time 


Fig. 3 






300 


ns 


td(<*— P2QF) 


Port P2 data output delay time 






300 


ns 


td(0— R/W) 


R/W signal output delay time 


Fig. 2 






250 


ns 


^d(0— R/WF) 


R/W signal output delay time 






250 


ns 


td(0— P3 Q) 


Port P3 data output delay time 






200 


ns 


td(?i— P3 QF) 


Port P3 data output delay time 






200 


ns 


td(<6— SYNC) 


SYNC signal output delay time 






250 


ns 


td(0— SYNCF) 


SYNC signal output delay time 






250 


ns 


tdc^-pa^) 


Port P3i data output delay time 






200 


ns 


td(<6— P3!QF) 


Port P3i data output delay time 






200 


ns 



Memory expanding mode microprocessor mode 



(T a =25°C, V CC =5V±5%, V ss =0V, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*— POA) 


Port P0 address output delay time 


Fig. 2 






250 


ns 


td(<*-PiA) 


Port P1 address output delay time 






25Q 


ns 


td(0— P2Q) 


Port P2 data output delay time 


Fig. 3 






300 


ns 


*d(0— P2QF) 


Port P2 data output delay time 






300 


ns 


td(<6— R/W) 


R/W signal output delay time 


Fig. 2 






250 


ns 


td(<A— SYNC) 


SYNC signal output delay time 






250 


ns 












P2 


1 
±100pF 

777" 


1 

i 100pF 
777" 







Fig.2 Measurement circuit for ports P0, PI, P3, P4, P6 



Fig.3 Measurement circuit for port P2 
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TIMING DIAGRAM 




H 






In single-chip mode * > 
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*- 
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/ 










Port P2 input 




r 


-* th (0-P2D) 




— 


> 


< t<j (0-P3Q) 






Port P3 output 


' 














tsu (P3D-*)— *■ 

/ 










Port P3 input 




' 


N 


V 




— - 


> 


<+ t(j (0-P4Q) 




"* th (0-P3D) 




Port P4 output 


r 














tsu (P4D-«J)— » 




+- 






Port P4 input 




' 


N 


\ 

^_th(«-P4D) , 

k 








tsu (P5D-(«— *- 




/ Port P5 input 


' 


> 




-^ 


>\ 


*— td (0-P6Q) 




-*— th (<*-P5D) 




Port P6 output 


" 












t 


C 








t w 


v. 










y 






1 IX, N > 


s 






— 


^t r _ 


-*— tf 










♦ MITSU 

JP% ELECT 


BISHI 
RIC 








5-15 



MITSUBISHI MICROCOMPUTERS 

M50746E-XXXSP/FP 
M50746ES EFS 

EPROM VERSION of M50746-XXXSP/FP 



In eva-chip mode 



Port PO output 
Port PO input 

Port P1 output 
Port P1 input 

Port P2 output 

Port P2 input 

Port P3 output ■ 

(R/W) 



Port P3t output 
(SYNC) 
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X 
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x 



>: 
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>: 



- t(j U-SYNC) — *- 



y 



- td (* 



>x 
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tsu (POD-?*) u 
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>x 
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tsU (P1D-0) yi 



" td (<*-P2QF) 



>xz: 



tsu (P2D-0) „ 

/f 
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»: 
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X 



X 
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X 



X 



"* — th («s-pid) 



X 



•* th (0-P2D) 

*~ td (*-P3 QF) 



**— td (0-P3,QF) 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output 

(R/W) 

Port P3, output 
(SYNC) 
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x 



-td (0-POA) 
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X 
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floating 



x 
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X 
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* t(j («5-P2Q) 



X 



tsu (P2D-tf) 



X 



X 
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* — th (0-P2D) 



x 
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DESCRIPTION 

The M50747E-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M50747-XXXSP except that this 
chip has a 65536-bit (8192 wordsX8 bits) EPROM built in. 
This single-chip microcomputer is useful for home electric- 
al appliances and consumer appliance controllers. 
In addition to its simple instruction sets, the EPROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writers can be used for the built-in EPROM, this chip is 
suitable for small quantity production runs. 
The M50747ES and the M50747EFS are the window type. 
The differences between the M50747E-XXXSP and the 
M50747E-XXXFP and between the M50747ES and the 
M50747EFS are the package outline and the power dis- 
sipation ability(absolute maximum ratings). 



69 

■ 8192 bytes 
••256 bytes 



FEATURES 

• Number of basic instructions 

• Memory size EPROM 

RAM •• 

• Instruction execution time 

~\/us (minimum instructions at 8MHz frequency) 

• Single power supply 5V±5% 

• Power dissipation 

normal operation mode (at 8MHz frequency) ••••30mW 

• Subroutine nesting •••• 128 levels (Max.) 

• Interrupt 7 types, 5 vectors 

• 8-bit timer 3 (2 when used as serial I/O) 

• Programmable I/O ports (Ports PO, P1, P2, P3, P4)--- 40 
e Input ports (Port P5) • 8 

• Output ports (Port P6) -8 

• Serial I/O (Clock synchronized or UART) •• 1 

• EPROM (equivalent to the M5L2764) 

program voltage 21V 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN CONFIGURATION (TOP VIEW) 



Output 
port P6 



I/O 
port P4 



V CC E 
P6 7 -H 
P6 6 -H 
P6 5 -E 
P64 — E 
P63-E 
P62+-E 
P6, «~E 

P60 — E 

P4 7 ~[7o 
P4 6 — E 
P4 5 -E 

P4 4 ~ m 

P4a~E 

P4 2 /CE -* E 

P4 1 /OE~E 

P4 /PGM ** E 

•P3 7 /S^~ E 

P3 6 /CLK~E 

P3 5 /T X D~E 

P3 4 /R X D~E 

P3 3 /CNTFWE 

P3 2 /INT^ *-»■ E 

P3i *+E 

P3 ~E 
Interrupt input |nj 1 _♦ [26 

CNVss/Vpp-*E 
Reset input RESET -> [28 

Clock input Xiim —*- E 

Clock output Xqut «_ [30 

Timing output 6+-fi[ 



I/O 
port P3 



~KJ~ 



■vj 


n 


m 


45k 






-n] 




X 


m 




X 


CO 




X 

C/3 
"0 



64|^P2o/Do 
H^P2 1 /D 1 
H.-^P2 2 /D2 

6l]^-P23/D3 
60]^P24/D4 

1]^P25/D5 
U^P2 6 /D 6 
57]^P2 7 /D 7 
H *+ P0 /Ao 
H^PO^At 
54] «~ P0 2 /A 2 
53] — PO3/A3 
1] «- P0 4 /A 4 

m^po 5 /A 5 

5o]~P0 6 /A 6 
U^P0 7 /A 7 
4J0~P1 o /A 8 
47|**P1i/A9 
H—P1 2 /A 10 
l^-Pla/An 
44)*>P1 4 /A 12 
H^P1 5 /Ai 3 
U^P1 6 /A 14 

m^K pi 7 /a 15 

4o|— P5 

38]«-P5 2 
ll^-.PSa 
H— P5 4 
U«- P5 5 
Ml*-P5 6 
1-P5 7 



I/O 
port P2 



I/O 
port PO 



I/O 
port P1 



Input 
port P5 



Outline 



64P4B(OTP) 
64S1B (Window) 



QQ <<<<<<<<<<<<<<<< 

D.D.ZlQ.Q.Q.Q.Q.Q.Q.(LiQ.Q.a.D.Q.Q.Zi 

n ntutuiiinitri 



P2 5 /D 5 « 
P2 4 /D 4 * 
P2 3 /D 3 « 
P2 2 /D 2 « 
P2 1 /D 1 * 
P2 /D « 
NC 
V ss 
NC 
Vcc 
P6 7 « 
P6 6 « 
P6 5 « 
P6 4 < 
P6 3 < 



o 



M50747E-XXXFP 

or 

M50747EFS 



O 



O 



H]«- 



P5i 

P5 2 

P5 3 _ 

P5 4 /ED 4 

P5 5 /ED 5 

P5 6 /ED 6 

P5 7 /ED 7 

V S s 



*" XoUT 
"X]N 

- RESET 
CNVss/Vpp 
NC 
NC 



1|12||3||4||5||6||7|18||9||101|11||121|131|14H151|16||17||18||19|[20||2H 

iiituuiiiniiiitit 

q. 0. a. o. a. a. a. Q.IOIO (u c-J £g\z 2 a. a. z z 
c\i TiJ Q_ W ^ vT Sr ^ I — I — 



Outline 



72P6(OTP) 
72S6 (Window) 



NC '. No connection 
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M50747E-XXXSP BLOCK DIAGRAM 



Clock input Clock output Timing output Interrupt input Reset input (5V) 

x, N Xout <t> Tnt; reset V, 




Output port P6 



I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port PO 



m 
■o 






a 






o 






3 






< 
m 


s 






01 


(/> 


o 

z 

o 


o 
32 


C 

S 
3! 

T 


■*« 


Ol^ 




3 


om 


3 


01 

o 


2x 


o 

30 


* 

nj 


^JX 


O 


■ 
>< 


mx 


o 


X 


0)0) 


3 


X 


m5 


"0 

c 

H 


■n 
■o 


■n-n 

0)"0 


m 
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M50747ES/EFS 

EPROM VERSION of M50747-XXXSP/FP 



FUNCTIONS OF 


M50747E-XXXSP 




Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


l^s (minimum instructions, at 8MHz of frequency) 


Clock frequency 


8MHz 


Memory size 


EPROM 


8192bytes(Note1) 


RAM 


256bytes 


Input/output port 


W\ 


Input 


1-bitX1 


PO, P1, P2, P3, P4 


Input/Output 


8-bitX5 (Part of P3 are common with Input/output of serial I/O, 
timer I/O, and INT 2 interrupt input) 


P5 


Input 


8-bitXl 


P6 


Output 


8-bitXl 


Serial I/O 


8-bit or 9-bitX1 


Timers 


8-bit prescalerX2+8-bit timerX3 (8-bit timerX2 when serial I/O is used) 


Subroutine nesting 


128levels(max.) 


Interrupts 


Two external interrupt (1 of external interrupt is in common with port P3 2 ) 
Three timer interrupt (or timerX2, serial 1/0X1 ) 


Clock generating circuit 


Built-in (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


at high-speed operation 


30mW (at 8MHz frenquency) 


Input/Output characteristics 


Input/ output voltage 


5V 


Output current 


10mA (Ports P3, P4.P6) 


Memory expansion 


Possible 


Operating temperature range 


-10-7CTC 


Device structure 


CMOS silicon gate 


Package 


M50747E-XXXSP 


One time programming type 


64-pin shrink plastic molded DIP 


M50747ES 


Window type 


64-pin shrink ceramic DIP 


M50747E-XXXFP 


One time programming type 


72-pin plastic molded QFP 


M50747ES 


Window type 


72-pin ceramic QFP 



Note 1 : The EPROM programming voltage is 21V (equivalent to the M5L2764). 
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PIN DESCRIPTION 



Terminal 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Singl-chip 
/EPROM 


Power supply 




Supply 5V±5% to V cc and OV to V ss . 


CNVss 
/Vp P 


Singl-chip 


CNVss input 




Connect to OV. 


EPROM 


V PP input 


Input 


Connect to V PP when programming or verifing. 




Single-chip 


RESET input 


Input 


To reset, keep this input terminal low for more than 2/iS (min) under normal V C c 
conditions. If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be maintained for the required time. 


RESET 


EPROM 


RESET input 


Connect to V S s- 


X|M 


Single-chip 
/EPROM 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X| N and X ut for clock 
oscillation. If an external clock input is used, connect the clock input to the X iN pin 
and open the X ut pin. 


XoUT 


Clock output 


Output 





Single-chip 
/EPROM 


Timing output 


Output 


For timing output. 


INt7 


Single-chip 


Interrupt input 


Input 


Interrupt input INT!. 


EPROM 


Interrupt input 


Input 


Connect to OV. 


P0 ~P0 7 


Singl-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with an I/O direction register which can program each 
bit as input or output. It is set to input mode at reset. The output format is CMOS. 


EPROM 


Address input A ~A 7 


Input 


PO works as the lower 8 bit address input (A ~A 7 ). 


P1o~P1z 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port which has the same function as Port PO. 


EPROM 


Address input A 8 ~A 12 


Input 


P1 ~P14 works as the higher 5 bit address inputs (A 8 ~A 12 ). 
Connect "P1 5 ~P1 7 to Vcc- 


P2 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port which has the same function as Port PO. 


EPROM 


Data input/ 
output D ~D 7 


I/O 


Port 2 works as an 8 bit data bus (D ~D 7 ). 


P3 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3, is an 8-bit I/O port, has the same function as Port PO. When serial I/O is 
used, P3 6 , P3 5 and P3 4 work as CLK, TxD, RxD pins respectively. When clock syn- 
chronous serial I/O is used, P3 7 works as Sr D y- P33 and P3 2 are commonly used with 
I/O pin CNTR of timer X and the lowest interrupt input INT 2 , respectively. 


EPROM 


Input Port P3 


Input 


Connect to OV. 


P4 ~P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port which has the same function as Port PO. 


EPROM 


Select mode 


Input 


P4 2 , P4-i, P4 work as CE, OE and PGM inputs, respectively. 
Connect P4 5 ~P4 7 to OV and P4 4 and P4 3 to 5V. 


P5 ~P5 7 


Single-chip 


Input port 


Input 


Port P5 is an 8-bit input port. 


EPROM 


Input port 


Input 


Connect to OV. 


P6 ~P6 7 


Single-chip 


Output port 


Output 


Port P6 is a 8-bit output port. The output format is CMOS. 


EPROM 


Output port 


Output 


Connect to OV. . 
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EPROM MODE 

The M50747E-XXXSP features an EPROM mode in addition 
to its normal modes. When the RESET signal level is low 
("L") , the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
and Figure 2 give the pin connections in the EPROM mode. 
When in the EPROM mode, ports PO, P1, P2, P4 ~P4 2) and 
CNVss are used for the EPROM (equivalent to the 
M5L2764). When in this mode, the built-in EPROM can be 
written to or read from using these pins in the same way as 
with the M5L2764. The oscillator should be connected to 
the X| N and X ut pins, or external clock should be con- 
nected to the X| N pin. 



Table 1 Pin function in EPROM programming mode 


^^^^^^_ 


M50747E-XXXSP/FP 


M5L2764 


Vcc 


V C c 


V cc 


V P p 


CNV SS /Vpp 


V P p 


V S s 


Vss 


Vss 


Address input 


Ports PO, P16~P1 4 


A ~A 12 


Data I/O 


Port P2 


D ~D 7 


CE 


P4 2 /CE 


CE 


OE 


P4T/OE 


OE 


PGM 


P4 /PGM 


PGM 




CD : Same functions as M5L2764 



Fig.1 Pin connection in EPROM programming mode(M50747E-XXXSP, M50747ES) 
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©— 
©- 
©- 
©- 

©- 
©- 



<©- 



©- 



777 



Vss 



-Q- 



@© ©®©®©@@©®©©©© 



- O in 



o 



wcvTOooooooocS't^t^t^'t^'t^t^t^t^O in 
Q.Q.ZQ.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.1Q.Q.ZQ. 

it iiimtjuintu i 

- P2 5 /D 5 ~ g f 

- P2 4 /D 4 ^IM 
-P2 3 /D 3 ~[«> 

- P2 2 /D 2 ~[Il 

- P2,/D 1 — [H 
-P2 /D **[I 

NC m 

V ss H 

NC He 

V cc HE 

P6 7 *-[E 

P6 6 — [I 

P6 5 — ■G° 

— P64— H 

P6 3 — H _ 

NLiJUJWNliJLJLiJliJNNMMliil^NMN^NkiJ 

luiinuinnunti 

Q. Q. Q. 0- Q. Q. 0- Q-'^I^CD ^q H C z|? I? 



/Z? 



M50747E-XXXFP 

or 

M50747EFS 



O 



O 



36]— P5,~ 

1-P5 2 - 
E— P5 3 - 
1H+-P54- 
H-P5 5 - 
3]]— P5 6 - 
3o]-P5 7 - 
1U V ss - 

H-^XouT- 

m— x IN 

ID*- RESET - 

u 
m 



-© 



CNV S s/Vpp - 

NC 

NC 



H© 



^ 



■o- 



^ 



©©© 



^ 



O : Same functions as M5L2764 



Fig.2 Pin connection in EPROM programming mode(M50747E-XXXFP, M50747EFS) 
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EPROM READING, WRITING AND 

ERASING 

Reading 

To read the EPROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A ~A 12 ) to be read and the data will be output to the 
I/O pins D ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the EPROM, set the CE pin to a "L" level and 
the OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A ~A 12 , and the data to 
be written is input to pins D ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. 



Erasing 

Data can only be erased on the M50747ES and the 
M50747EFS ceramic package, which includes a window. 
To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W*s/cm 2 . 

Table 2 I/O signal in each mode 



^^^^^^_^^ Pin 

Mode — ^ 


CE(15) 


OE(16) 


PGM(17) 


V PP (27) • 


VccO) 


Data I/O 

(57-64) 


Read-out 


v IL 


V IL 


V, H 


Vcc 


Vcc 


Output 


Programming 


V, L 


V,H 


Pulse(V IH -V IL ) 


V PP 


V C c 


Input 


Programming verify 


V,L 


V IL 


V, H 


V PP 


V C c 


Output 


Program disable 


V,H 


X 


X 


V PP 


Vcc 


Floating 



Note 1 : V, L and V| H indicate a "L" and "H" input voltage, respectively. 
2 : An X indicates either V, L or V, H . 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 


With respect to V S s- 
Output transistors cut-off 


-0. 3-7 


V 


v, 


Input voltage. RESET, X| N , INTi, P5 ~P5 7 


—0. 3—7 


V 


v, 


Input voltage, P0 o ~P0 7 , P1 ~P17, P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7 , 


-0. 3— V C c+0. 3 


V 


v, 


Input voltage, CNV S s 


-0.3—13 (NoteO 


V 


Vo 


Output voltage, P0 o ~P0 7 , P1 ~P17, P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 7 , P6 ~P6 7 , Xout, <f> 


-0. 3— Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note 2) 


mW 


T opr 


Operating temperature range 




—10—70 


°C 


Tstg 


Storage temperature range 




-40—125 


°C 



Note 1 : In EPROM programming mode, CNV SS is 22.0V. 
2 : 300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (V C c = 5V±5%,Ta = -10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Nom. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


V S s 


Supply voltage 









V 


V,H 


"H" input voltage, P0 o ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3 ~P3 7l P4 ~P4 7 , P5 ~P5 7 , 


0. 8V CC 




Vcc 


V 


INTl RESET, Xin, CNVss 


V,L 


"L" input voltage, P0 ~P0 7 , P1 ~P1?. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7l 
IntT, CNVss 







0. 2V CC 


V 


V,L 


"L" input voltage, RESET 







0. 12V CC 


V 


V, L 


"L" input voltage, Xin 







0.16V CC 


V 


'oL(peak) 


"L" peak output current, P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3o~P3 7 , P4 ~P4 7 , P6 ~P6 7 






10 


mA 


'oL(avg) 


"L" average output current, P0 ~P0 7 , P1o~P17, P2 ~P2 7> 
P3 ~P3 7 , P4 ~P4 7l P6 ~P6 7 
(Note 3) 






5 


mA 


'oH(peak) 


"H" peak output current, P0 ~P0 7 , P1 — PI7, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P6 ~P6 7 






-10 


mA 


•oH(avg) 


"H" average output current, P0 ~P0 7 , Plo~Pl7, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 P6 ~P67. 
(Note 3) 






^5 


mA 


f(x IN ) 


Internal clock oscillating frequency 






8 


MHz 



Note 3 ' The average output current louavg) anc l 'oH(avg) are tne average value of a period of 
4 : Total of loupeak). of ports PO, Pi, and P2 is below 20mA 
Total of loH(peak). °f Ports PO, PI, and P2 is below 20mA 
Total of liu(peak). of ports P3, P4, and P6 is below 80mA 
Total of loH(peak). of ports P3 and P4 is 20mA 
Total of loH(peak). of P° rts p 6 is below 60mA 



100ms 



MITSUBISHI 
k ELECTRIC 



5-25 



MITSUBISHI MICROCOMPUTERS 

M50747E-XXXSP/FP 
M50747ES EFS 

EPROM VERSION of M5Q747-XXXSP/FP 



ELECTRICAL CHARACTERISTICS (V C c = 5V, V ss = OV, T a = 25°C, f (X|N > = 8MH2, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


Voh 


"H" output voltage, P0 ~P0 7 , P1o~P1 7 - P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7l P6 ~P6 7 


l OH = -10mA 


3 






V 


Voh 


"H" output voltage, <fi, 


l H=-2.5mA 


3 






V 


Vol 


"L" output voltage, P0 ~ P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3o~P3 7 , P4 ~P4 7 , P6 ~P6 7 


l OL =10mA 






2 


V 


Vol 


"L" output voltage, 4> 


Iol = 5mA 






2 


V 


V t +-V t - 


Hysteresis, P3 6 


When used as CLK input 


0.3 




1 


V 


V t +-V t - 


Hysteresis, INTi 




0.3 




1 


V 


V T +-V T _ 


Hysteresis, P3 2 


When used as INT 2 pin 


, 0.3 




1 


V 


V T +-V T - 


Hysteresis, P3 3 


When used as CNTR input 


0.3 




1 


V 


V t +-V t - 


Hysteresis, RESET 






0.5 


0.7 


V 


V t +-V t - 


Hysteresis, X| N 




0.1 




0.5 


V 


I.l 


"L" input current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 
P6 ~P6 7 , INTi, RESET, X, N 


V, = 0V 






-5 


UA 


I.H 


"H" input current, P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7> P4 ~P4 7 , P5o~P5 7 , 


V, = 5V 






■5 


UA 


P6 ~P6 7 , INT 1( RESET, X| N 


Vram 


RAM retention voltage 


STOP mode 


2 






V 


'cc 


Supply current 


Output pins are 
opened 
others to V S s 


f(x IN )=8MHz 
Square wave 




6 


12 


mA 


At clock stop 
T=25°C 






1 


/uA 


At clock stop 
T a =70°C 






10 


M A 
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TIMING REQUIREMENTS 

Single-Chip mode (V CC = 5V±5%, V ss = 0V, T a = 25*C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu (POD-<4) 


Port PO input set-up time 




200 






ns 


*SU (P1D-^) 


Port PI input set-up time 




200 






ns 


tsU (P2D-tf) 


Port P2 input set-up time 




200 






ns 


tsU (P3D-5*) 


Port P3 input set-up time 




200 






ns 


*SU (P4D-<*) 


Port P4 input set-up time 




200 






ns 


"tsU (P5D-0) 


Port P5 input set-up time 




200 






ns 


th U-POD) 


Port PO input hold time 




20 






ns 


th U-P1D) 


Port P1 input hold time 




20 






ns 


th U-P2D) 


Port P2 input hold time 




20 






ns 


*h (<4-P3D) 


Port P3 input hold time 




20 






ns 


*h (<*-P4D) 


Port P4 input hold time 




20 






ns 


th (0-P5D) 


Port P5 input hold time 




20 






ns 


tc 


External clock input cycle time 




125 






ns 


t w 


External clock input pulse width 




62 






ns 


tr 


External clock rising edge time 








20 


ns 


tf 


External clock falling edge time 








20 


ns 



Eva-chip mode and microprocessor mode 



(V cc = 5V±5%, V ss = 0V, T a = 25°C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu (POD-0) 


Port P0 input set-up time 




200 






ns 


tsu (P1D-0) 


Port P1 input set-up time 




200 






ns 


tsU (P2D-0) 


Port P2 input set-up time 




200 






ns 


th (<6-POD) 


Port P0 input hold time 




20 






ns 


th (0-pid) 


Port P1 input hold time 




20 






ns 


th U-P2D) 


Port P2 input hold time 




20 






ns 



Memory expanding mode and microprocessor mode 

(V CC = 5V±5%, V ss = 0V, T a = 25°C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsU (P2D-?*) 


Port P2 input set-up time 




150 






ns 


th (<*-P2D) 


Port P2 input hold time 




• 20 






ns 
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SWITCHING CHARACTERISTICS 

Single-Chip mode (V CC = 5V±5%, V ss = 0V, T a = 25'C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<A-POQ) 


Port PO data output delay time 


Fig.2 






200 


ns 


tdU-pio) 


Port P1 data output delay time 






200 


ns 


td(0-P2Q) 


Port P2 data output delay time 






200 


ns 


td(<*-P3Q) 


Port P3 data output delay time 






200 


ns 


td(?*-P4Q) 


Port P4 data output delay time 






200 


ns 


td(<*-P6Q) 


Port P6 data output delay time 






200 


ns 



Eva-chip 


mode (V CC = 5V±5%, V ss = 0V, T a = 25°C, f (X|N ) = 8MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(<*-POA) 


Port P0 address output delay time 


Fig.2 






150 


ns 


td(<*-POAF) 


Port P0 address output delay time 






150 


ns 


td(tf-POQ) 


Port P0 data output delay time 






200 


ns 


td(<*-POQF) 


. Port P0 data output delay time 






150 


ns 


td(0-piA) 


Port PI address output delay time 






150 


ns 


td(0-P1AF) 


Port PI address output delay time 






150 


ns 


td(^-piQ) 


Port P1 data output delay time 






200 


ns 


^d(0-P1QF) 


Port PI data output delay time 






150 


ns 


td(0-P2Q) 


Port P2 data output delay time 






200 


ns 


td(<A-P2QF) 


Port P2 data output delay time 






150 


ns 


*d(?*-R/w) 


R/W signal output delay time 






150 


ns 


*d(0-R/WF) 


R/W signal output delay time 






150 


ns 


td(^-P3 n Q) 


Port P3 data output delay time 






200 


ns 


td(0-P3 o QF) 


Port P3 data output delay time 






150 


ns 


td(?S-SYNC) 


SYNC signal output delay time 






150 


ns 


td(^-SYNCF) 


SYNC signal output delay time 






150 


ns 


td(.<fi-P3iQ) 


Port P3t data output delay time 






200 


ns 


t(i<.<^-P3^QF) 


Port P3i data output delay time 






150 


ns 



Memory expanding mode and microprocessor mode 



(V CC = 5V±5%, V ss = 0V, T a = 25°C, f (X|N ) = 8MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


*d(<* -POA) 


Port P0 address output delay time 


Fig.2 






150 


ns 


tdC^-piA) 


Port P1 address output delay time 






150 


ns 


td(0-P2Q) 


Port P2 data output delay time 






200 


ns 


td(<* -P2QF) 


Port P2 data output delay time 


30 




150 


ns 


td(0 -R/W) 


R/W signal output delay time 






150 


ns 


td(0-SYNC) 


SYNC signal output delay time 






150 


ns 











P0 
P1 
P2 

P3 
PA 
P6 
4> 




tz 100pF 

frr 









Fig.2 Ports PO— P4 test circuit 
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TIMING DIAGRAM 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port P5 input 



Port P6 output 



f (X,J 



\ / 



• — t(j U-POQ) 



>; 



>: 



-t<j (0-P1Q) 



x 



-t<j U-P2Q) 



>: 



-t(j (0-P3Q) 



X 



-td (0-P4Q) 



-* — td (9S-P6Q) 



x 



tsU (P0D-«5)- 



tsu CP1D-0)— > 



A 



tsu (P2D-«6)— *• 

_x 



•SU (P3D-*)— *■ 



>r 



tsU (P4D-0)- 



A 



^U (P5D-<6)— »- 



V 



-tp («5-P0D) 



V 



-th U-P1D) 



K 



-th (0-P2D 



V 



-th (0-P3D) 



V 



-*— th (0-P4D) 



V 



-*— th (0-P5D) 



\ / 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 'R/W) 



Port P3, output f SYNC ) 



\ / 



X 



- t(j (0-POA) — *~ 



-*— t(J (0-P1A) — "*- 



>: 



i>: 



- t(j (<t>-P2Q) 



"* — t(j (0-R/W) *" 



x 



>; 



- t(j (0-SYNC) 



-*— t(j (0-POAF) 



xx 



■ t(j (0-POQ) 



tsU (POD— 4>) jm 



**— t(j (0-P1AF) 



XX 



■ t(j (0-P1Q) 



tsU (P1D-4>) 



A 



- t(j (9>-p2QF) 



>x 



tsU (P2D-0) 



" t<j (0— R/WF) 



>x 



t(j (<*-P3 Q) 



' t(j («J-SYNCF) — *- 



>X 



"* *d (0-P3,Q) 



*— td (0-POQF) 



x 



X 



■*— 'th ((*-POD) 

td (0-P1QF) 



X 



th (0-P1D) 



X 



X 



th U~P2D) 
"— td (0-P3 o QF) 



x 



■+— td (f*-P3,QF) 



>: 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3t output (SYNC) 



\^_ /' 



« t(j (0-POA) 



X 



X 



- t(j ((6-P1A) 



X". 



Floating 



* td U-R/W) 



x 



td (0-SYNC) 



X 



-td(<6-p 2 Q) > 



tsU (P2D-0) - 



A 



X 



X 



« td (0-P2QF) 



x: 



- th (*-P2D) 



x 



X 
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PRELIMINARY 

Notice: This is not a final specification. Some 
parametric limits are subject to change. 
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DESCRIPTION 

The M50944E-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP, The features of this chip 
are similar to those of the M50944-XXXSP except that this 
chip has a 98304-bit (12288 wordsX 8 bits) EPROM built-in. 
This single-chip microcomputer is useful for home electric- 
al appliances and consumer appliance controllers. 
In addition to its simple instruction sets, the EPROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writers can be used for the build-in EPROM, this chip is 
suitable for small quantity production runs. 
The M50944ES is the window type. The differences be- 
tween the M50944E-XXXSP and the M50944E-XXXFP are 
the package outline and the power dissipation ability 
(absolute maximum ratings). 

FEATURES 

• Number of basic instructions 69 

• Memory size EPROM 12288 bytes 

RAM 192 bytes 

• Instruction execution time 

2/its (minimum instructions at 4MHz frequency) 

• Single power supply 5V±5% 

• Power dissipation 

normal operation mode (at 4MHz frequency) • ••• 15mW 

• Subroutine nesting 96 levels (Max.) 

• Interrupt 10 types, 5 vectors 

• 8-bit timer •••••7 (6 when used as serial I/O) 

• Serial I/O • 8-bitX2 

• Devider for serial I/O 1 

• Interrupt requect distinguish register 8-bitX2 

• Programmable I/O ports (Ports P3, P4) 16 

• Middle-voltage programmable ports 

(Ports PO, P1, P2) • • •■ 24 

• Input port (Ports R, IN) •• 12 

• A-D coversion 8-bit, 8-channel 

• Two clock generator circuits (One is for main clock, the 

other is for clock function) 

• EPROM (equivalent to the M5L27128) 

program voltage • • • 21V 

APPLICATION 

Camera, Office automation equipment, VCR, Tuner, Audio- 
visual equipment 



PIN CONFIGURATION (TOP VIEW) 



Input port IN 



I/O port P4 



I/O 
port P3 



Reference 
voltage input Vref ~ 
IN 7 - 
IN 6 - 
IN 5 - 
IN 4 - 
IN3- 
IN 2 - 
IN t - 
IN - 

P4 7 /S RDY 2 ** 

P4 6 /CLK 2 * 

P4 5 /SouT2 "* 
P4 4 /S| N2 " 

P4 3 /INT 4 « 

P4 2 /INT3 « 

P4^ 

P4o « 

P3 7 /S RDY i ■* 

P36/CLKT * 

P3 5 /Souti/CE« 

P3 4 /S, N1 /OE« 

P3 3 /T/PGM + 

P3 2 /CNTR + 

PSt/INTs 

PSo/INTt 

CNV S s/Vpp 



-[24 



Reset input RESET 

Clock input X| N 

Clock output Xqut 

Clock input for y 

timer function a cin 
Clock output for 
timer function 



Xcout 
Vss 



■-E 



H V cc 

AVcc 
I] — P2 /Do 
6l]^P2 1 /D 1 
U «-* P2 2 /D 2 
U ~ P2 3 /D 3 
D «-* P2 4 /D 4 
57| — P2 5 /D 5 
1] ~- P2 6 /D 6 

m**-. p2 7 /d 7 

13 — PO0/A0 
U— PO^At 
— P0 2 /A 2 
ID — P0 3 /A 3 
l2l — PO4/A4 
U — P0 5 /A 5 
H — P0 6 /A 6 
U — P0 7 /A 7 
D— P1 /A 8 
U— PVA 9 
44]— PVA10 
D-^PIg/An 
U— P1 4 /A 12 

ID-pva 13 

40]-^P1 6 /A 14 
!-P1 7 /A 15 
H NC 
H«- R, 
H«-R 
1-R: 
34] -R : 
33]-* </> 



I/O port 
P2 



I/O port 
PO 



I/O port 
P1 



Input port R 



64P4B(OTP) 
Outline 64S1B (Window) 

^ U3 CO K o ^-OJ r>*t U ,<D^<oa°r™'2 

QQQQ<<<<<<<<<<<<<< 
Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.Q.D.Q.Q.Q.Q. 

Hiininninitti 




mL2JUJLill5JL6JL7Jl8JL9Jl10|l I lJl I 2Jyl I 4Jl1^l^yll^ , 

ititiimmiiiiii 



1~P1 6 /A 14 
ID~P1 7 /A 15 
U — Ro 
I]«-Ri 
^^-R 2 
IE — R3 
§]— </> 

Vss 

£il ""*• XcoUT 
I^Xcn 
1 -> XouT 
H — XiN 

U PRESET 
JE CNVss/Vpp 



I c OT|UJ|UJ 



lw O co ' 



IwO pi 

£<0 OW 



Plpllht't 



z z 



: o > - 



Outline 64P6S 



co Q- °- 

nc : 



No connection 
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M50944E-XXXSP BLOCK DIAGRAM 



Clock Clock 
input for output for 
Clock Clock Timing Clock Clock 
input output output Function function 

X|N X UT X C | N XcOUT 

— ® — @ — @ — m- 



Reset 

input (5V) 

RESET Vcc 



T" 



Reference 
voltage 
(OV) (5V) (OV) input 
V ss AVcc CNVss V REF 
® © @— -<j> 



Clock generating circuit 



H 



RAM 
192 
bytes 



PI 

IHH 
HC 

555 

z 



J- 



Program 
counter 

PC H (8) 



<> 



Program 
counter 

PC L (8) 



n 



EPROM 
12288 
bytes 



8-bit 

arithmetic 

and. 

logical 

unit 



7T 



Accumulator 



7"> 



Processor 
status 
register 

PS (8) 

— TV" 



7T 



Index 




Index 




Stack 


register 




register 




pointer 


X(B) 




Y(8) 




S(8) 



7T 



77 




^ttt 



Interrupt request 
distinguish register 2(8) 




— (kbckkkz)®(9> -h^©(3>^©©®' 



Input port IN 



Input port R I/O port P4 



I/O port P3 



I/O port P2 



I/O port P1 



I/O port P0 



m 

3D 
O 

3 

< 
m 

tn 

5 



oi 5 



s 
ui 

! s 



"0 






o 
m 

i 

X 
X 
X 

(0 
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FUNCTIONS OF 


M50944E-XXXSP 




Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


2/us (minimum instructions, at 4MHz frequency). 


Clock frequency 


4. 2MHz (main clock input), 32kHz (for clock function) 


Memory size 


EPROM 


12288bytes(Note 1) 


RAM 


1 92bytes 


Input/Output port 


PO, P1 , P2, P3, P4 


I/O 


8-bitX5 


IN 


Input 


8-bitX1 


R 


Input 


4-bitXl 


Serial I/O 


8-bitX2 


Timers 


8-bit prescalerX3+8-bit timerX4(3 when serial I/O is used) 


Subroutine nesting 


96 Levels (max) 


Interrupts 


Four external interrupts, four timer interrupts (or three timers, One serial I/O) 


Clock generating circuit 


Two built-in circuits (ceramic or quartz crystal oscillator). 


Supply Voltage 


5V±5% 


Power dissipation 


At high-speed operation 


15mW(atf(X, N )=4MHz). 


At low-speed operation 


0.3mW(atf(X C i N )=32kHz). 


At stop mode 


1M (at clock stop) 


Input/Output 
characteristics 


Input/Output voltage 


5V(portP3, P4) 


12V (port PO, P1.P2) 


Output current 


10mA (port PO, P1, P2: Middle voltage N-channel open drain output). 


— 5~10mA (port P3, P4: CMOS tri-state output) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS Silicon gate 


Package 


M50944E-XXXSP 


One time programming type 


64-pin shrink plastic molded DIP 


M50944ES 


Window type 


64-pin shrink ceramic DIP 


M50944E-XXXFP 


One time programming type 


64-pin shrink plastic molded QFP 



Note 1 : The EPROM programming voltage is 21 V (equivalent to the M5L27128). 
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PIN DESCRIPTION 



Terminal 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Singl-chip 
/EPROM 


Power supply 




Power supply inputs 5V±5% to V C c and OV to Vss- 


CNVss 
/Vpp 


Singl-chip 


CNVss input 




Connect to OV. 


EPROM 


Vpp input 


Input 


Connect to V PP when programming or verifing. 




Single-chip 


RESET input 


Input 


To reset, keep this input terminal low for more than 2/^s (min) under normal Vcc 
conditions. If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be meintained for the required time. 


RESET 


EPROM 


RESET input 


Connect to V S s- 


X|N 


Single-chip 
/EPROM 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X| N and Xout for clock 
oscillation. If an external clock input is used, connect the clock input to the Xin pin 
and open the Xout pin. 


XoUT 


Clock output 


Output 


4> . 


Single-chip 
/EPROM 


Timing output 


Output 


This is the timing output pin. 


XciN 


Single-chip 
/EPROM 


Clock input for 
clock function 


Input 


This is the I/O pins of the clock generating circuit for the clock function. To control 
generating frequency, an external ceramic or quartz crystal oscillator is connected 
between the Xcin and X C out pins. If an external clock is used, the clock source 
should be connected to the X C in pin and the X C out pin should be left open. This 
clock can be used as a program controlled the system clock. 


XoUT 


Single-chip 
/EPROM 


Clock output for 
clock function 


Output 


P0 o ~P0 7 


Singl-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output. At reset, this port is set to input mode. The 
output structure is N-ch open drain. 


EPROM 


Address input A ~A 7 


Input 


PO works as the lower 8 bit address input (A ~A 7 ). 


P1o~P1 7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as Port PO. 


EPROM 


Address input A 8 ~A 15 


Input 


P1 ~P15 works as the higher 6-bit address. inputs (A 8 ~A 13 ). 


P2 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as Port PO. 


EPROM 


Data input/ 
output D ~D 7 


I/O 


Port 2 works as an 8-bit data bus (D ~D 7 ). 


P3 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port with CMOS output. The other functions are basically the 
same as port PO. P3 , P2>\, P3 2 and P3 3 pins are in common with INT 2 INT^'CNTR 
and T respectively. When serial l^ is used, P3 4 , P3 5l P3 6 and P3 7 work as S| N1 , 
Soun, CLK1 and Sr DY i pin respectively. 


EPROM 


Select mode 


Input 


P3 5 , P3 4 , P3 3 work as CE, OE and PGM inputs, respectively. 
Connect P3 2 ~P3 to OV and P3 7 and P3 6 to V cc - 


P4 ~P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port and has basically the same functions as Port PO. 

P4 2 and P4 3 pins are in common with INT 3 and INT 4 respectively. When serial l/0 2 

is used, P4 4 , P4 5 , P4 6 and P4 7 work as S| N2 , S ut2, CLK 2 and S RDY 2 pin respectively. 


EPROM 


Input Port P4 


Input 


Connect to V S s- 


Ro — R3 


Single-chip 


Input port R 


Input 


Port R is a 4-bit input port. 


EPROM 


Connect to V S s- 


IN ~IN 7 


Single-chip 


Analog input port IN 


Input 


Port IN is the analog input pin to the A-D converter. It also has a dual function and 
works as a normal. input port. 


EPROM 


Input port IN 


Input 


Connect to V S s- 


AVcc 
(Note) 


Single-chip 


Voltage input for A-D 




This is the power supply input pin for the A-D converter. 


EPROM 


Voltage Input 




Connect to V C c- 


Vref 


Single-chip 


Reference voltage 
input 


Input 


This is the reference voltage input pin for the A-D converter. 


EPROM 


Input 


Input 


Connect to V S s- 



Note : The AV SS pin of M50944E-XXXFP is connected to V ss - 
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EPROM MODE 

The M50944E-XXXSP features an EPROM mode in addition 



Table 1 Pin function in EPROM programming mode 



to its normal modes. When the RESET signal level is low 
("L") , the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
and Figure 2 give the pin connections in the EPROM mode. 
When in the EPROM mode, ports PO, P1, P2, P3 3 ~P3 5> and 
CNV SS are used for the EPROM (equivalent to the 
M5L27128). When in this mode, the built-in EPROM can be 
written to or read from using these pins in the same way as 
with the M5L27128. The oscillator should be connected to 
the X| N and Xqut P'ns, or external clock should be con- 
nected to the X| N pin. 



^— -^__ 


M50944E-XXXSP/FP 


M5L27128 


Vcc 


Vcc 


Vcc 


Vp P 


CNVss/Vpp 


Vp P 


V S s 


V ss 


V S s 


Address input 


Ports PO, P1 ~P1 5 


A ~A 13 


Data I/O 


Port P2 


D ~D 7 


CE 


P3 5 /CE 


CE 


OE 


P3 6 /OE 


OE 


PGM 


P3 7 /PGM 


PGM 



■e-vc, 



Vref.-E 

IN 7 -».[T 

IN 6 — E 

_ IN 5 -E 

IN 4 -E 

IN 3 -*E 

IN 2 -E 

IN r ->E 

-JNo-E 

- P4 7 /S RDY2 ~E 

- P4 6 /CLK 2 «-E 

- P4 5 /Sout2^E 

- P4 4 /S, N2 ~E 

P4 3 /INT 4 ^E 

P4 2 /INT 3 '~E 

P4 1 ^E 

_P4o^E 

P3 7 /S RDY i — E 

PSs/CLKt^E 

P3 5 /S uti/CE^E 

P3 4 /S| N1 /OE^E 
P3 3 /T/PGM ++ E 
-P3 2 /CNTR «- 

- PSt/INTs^E 

- PSo/INTt^E 
-CN Vss/Vpp 

RESET — HZ 

Ceramic .— 

oscillating ; X IN — 128 

circuit O Xqut "*~ IM 

XciN — *" 
XcOUT *~ l2i 

©— -Vss E. 



©- 




OVc, 



Vcc 
AV C , 



-<vc9) 



U — P2 /D © / WV- 

H — P2 1 /D 1 ©- / WV- 

U— P2 2 /D 2 — — © %r~ 

U ~ P2 3 /D 3 © UV- 

m ~ p2 4 /d 4 — © — aav- 
m^p25/D5 

U— P2 6 /D 6 
55]~P2 7 /D 7 

m ** po /a 
m^Pd/Ar 

52] ++ P0 2 /A 2 

10— PO3/A3 

D— P0 4 /A 4 
U— P0 5 /A 5 
U— P0 6 /A 6 
47] ~ P0 7 /A 7 
U— P1 /A 8 

U-wPVAg 
44]— P1 2 /A 10 
H— P1 3 /A n 
U— P1 4 /A 12 
IO-m- Pis/A, 3 

m— pi 6 — 
1— pi 7 — 

H NC 

H-Ro 

d^r, — 

35|«-R 2 

m^-R 3 — 




Q • Same functions as M5L27128 



Fig.1 Pin connection in EPROM programming mode (M50944E-XXXSP, M50944ES) 
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-G-Vc« 




-O-Vcc 



QQQQ<<<<<<<<<<<<<< 



-%— <S>— P2 3 /D 3 
- J W\/ — <§>— -P2 2 /D 2 
'.".'., _>— P2,/D, 
- J Wlr-®>— 'P2 /D 
-AV CC 
" V cc 



I I t tt t t t t t t t It t t t 




H-pie — 
ID— pi 7 — 

30]«-R 

ID-- r/ — 

H «- R 2 ' 

23*-R 3 

26] — 

V ss — 

^il "" *" XcoilT 



-<© 



liJUJUJLiJUJliJizJliJLiilioJluJyyiiiJNNMN 

itimitiitiinii 



g-J g W Z Z Q- Q- g * 



U^XciN 

^i_. Y ^ Ceramic 

^J *out ^oscillating 

HJ *"' Xjn — Ocjrcuit 

U — RESET 

HI CNVss/Vpp — (® 




(3 : Same functions as M5L27128 



Fig.2 Pin connection in EPROM programming mode (M50944E-XXXFP) 
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EPROM READING, WRITING AND 

ERASING 

Reading _ 

To read the EPROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A ~A 13 ) to be read and the data will be output to the 
I/O pins D ~ D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing _ 

To write to the EPROM, set the CE pin to a "L" level and 
the OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A ~A 13 , and the data to 
be written is input to pins D ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable, of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. 



Erasing 

Data can only be erased on the M50944ES ceramic pack- 
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is15W-s/cm 2 . 



Table 2 I/O signal in each mode 



^^~^ -___^ Pin 

Mode ~~" -— ____ 


CE(20) 


OE(21) 


PGM(22) 


V PP (26) 


Vcc(D 


Data I/O 

(55~62) 


Read-out 


V, L 


v IL 


V, H 


V C c 


Vcc 


Output 


Programming 


V, L 


V, H 


Pulse(V, H -* V IL ) 


Vp P 


Vcc 


Input 


Programming verify 


V, L 


V, L 


V,H 


V P p 


Vcc 


Output 


Program disable 


V, H 


X 


X 


V P p 


v cc 


Floating 



Note 1 

• 2 



V| L and V| H indicate a "L" and "H" input voltage, respectively. 
An X indicates either V !L or V m . 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

Output Transistors are at "OFF" state. 


-0. 3-7 


V 


v, 


Input voltage CNV S s 


-0.3— 13(Notel) 


V 


v, 


Input voltage P0 ~P0 7) P1 ~P1 7 . P2o~P2r 


-0.3—13 


V 


V, 


Input voltage Ro~R3, X| Nl Xcin. RESET 


—0.3—7 


V 


V, 


Input voltage P3 ~P3 7 , P4 ~P4 7 , IN ~IN 7 , V REF 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage P3 ~P3 7l P4 ~P4 7l X C out. X ut. </> 


-0. 3-Vcc +0. 3 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 


-0.3—13 


V 


Pd 


Power Dissipation 


T a =25°C 


1000(Note2) 


mW 


Topr 


Operating Temperature 




— 10—70 


q c 


Tstg 


Strage Temperature 




-40-125 


°C 



Note 1 . In EPROM programming mode, CNV SS is 22.0V. 
2. 600mW forQFP type. 

RECOMMEND OPERATING CONDITIONS 



(V c , 



= 5V±5%, T a = — 10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


Vss 


Supply voltage 









V 


V,H 


"H" input voltage P3 ~P3 7l P4 ~P4 7l IN ~IN 7 ,CNV S s 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage Ro~R3 


0.4V CC 




Vcc 


V 


V,H 


"H" input voltage RESET, X| N , X C in 


0. 8V CC 




Vcc 


V 


V IH 


"H" input voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 


0.8V CC 




12 


V 


Vit- 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , IN ~IN 7> CNV SS 







0.2V CC 


V 


V IL 


"L" input voltage Ro~R3 







0.12V CC 


V 


V, L 


"L" input voltage RESET 







0.12V CC 


V 


V IL 


"L" input voltage X| N , Xcin 







0.16V CC 


V 


'oL(sum) 


"L" sum output current P0 ~P0 7l P1 ~P1 7l P2 ~P2 7 






60 


mA 


'oH(sum) 


"H" sum output current P3 ~P3 7l P4 ~P4 7 






-30 


mA 


loL(sum) 


"L" sum output current P3 ~P3 7 , P4 ~P4 7 






60 


mA 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 






20 


mA 


'oH(peak) 


"H" peak output current P3 ~P3 7 , P4 ~P4 7 






-10 


mA 


'oL(peak) 


"L" peak output current P3 ~P3 7 , P4 ~P4 7 






20 


mA 


'oL(avq) 


"L" average output current P0 ~P0 7 , P1 ~P17. P2 ~P2 7 






10 


mA 


'oH(avq) 


"H" average output current Port P3 ~P3 7 , P4 ~P4 7 






-5 


mA 


'oL(avq) 


"L" average output current Port P3 ~P3 7 , P4 ~P4 7 






10 


mA 


f (x, N ) 


Clock oscillating frequency 






4.3 


MHz 


f (X C | N ) 


Clock oscillating frequency 
for clock function 






500 


kHz 



Note 1 . The maximum "H" input voltage for CNV SS is +21 V. 
2 . The duty cycle for these oscillation frequency is 50%. 

3 . When the low speed mode is used, the clock input oscillation frequency for the timer must satisfy 
the following expression : 
f(X clN )<f(X |N )/3 

4 . The avarage output current loH(avg) ar, d louavg) are the average value during a 100ms cycle. 

5 . f( X|N ) must be less than 50kHz when the external clock is to be used. 
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ELECTRICAL CHARACTERISTICS (v cc =5v±5%, v ss =ov, T a =25c, i(x in )=4mhz 


, unless otherwise noted) 




Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Voh 


"H" output voltage P3 ~P3 7 , P4 ~P4 7 


Ioh =— 5mA 


3 






V 


Voh 


"H" output voltage <f> 


l H=-2.5mA 


3 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P17> P2 ~P2 7 , 
P3o~P3 7 , P4 ~P4 7 


l O L=10mA 






2 


V 


Vol 


"L" output voltage <t> 


l 0L =2. 5mA 






2 


V 


V t +-V t _ 


Hysteresis P30/INT,, PS^INTz, P4 2 /iNT^ P4 3 /TnT^ 


use as interrupt input 


0.3 




1 


V 


V t +-V t - 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T _ 


Hysteresis PSg/CLKl P4 6 /CLK 2 


use as CLK input 


0.3 




1 


V 


V t +-V t - 


Hysteresis X, N 




0.1 




0.5 


V 


V t +-V t - 


Hysteresis P3 2 /.CNTR 


use as CNTR input 


0.3 




1 


V 


'iL 


"L" input current P0 ~P0 7l P1 ~P17, P2 ~P2 7l 
P3 ~P3 7l P4 ~P4 7 


V,=0V 






-5 


m a 


IlL 


"L" input current IN ~IN 7 


V,=0V 






-5 


M A 


I.L 


"L" input current RESET, X| N , X C in. Ro~R3 


V,=0V 






-5 


juA 


llH 


"H" input current P0 ~P0 7 , P1 ~P17. P2 ~P2 7 , 
P3o~P3 7> P4 ~P4 7 


V,=5V 






5 


M A 


I.H 


"H" input current IN ~IN 7 


V|=5V, not use as analog input 






5 


juA 


I.H 


"H" input current RESET, Xin, Xcin. Ro~R3 


V,=5V 






5 


M A 


I.H 


"H" input current V REF 


V|=5V 






5 


mA 


Ice 


Supply current 


Open output ports, V P =V C c- 

Input port is V S s, at normal operation. 


X, N =4MHz 




3 


6 


mA 


Open output ports, V P =V C c, 
Input port is V S s, at wait mode. 


X| N =4MHz 




1 




mA 


Open output ports, V P =Vcci 
Input port is V S s, at normal operation, 
stop Xin and X ut. X C iN=32kHz. 






60 


200 


mA 


Open output ports, Vp=V cc , 
Input port is Vss, at wait mode, 
stop X| N and X ut. XciN=32kHz. 






40 




mA 


Stop all oscillation. 


T a =25t,Vcc=5V 




0.1 


1 


MA 


Ta=70"C,Vcc=5V 




1 


10 


fxA 


'acc 


Supply current for A-D 


at A-D converting time 




2 


4 


mA 



5-40 



MITSUBISHI MICROCOMPUTERS 

M50944E XXXSP/FP 
M50944ES 

EPROM VERSION of M50944-XXXSP/FP 



Cl X 

-H- Xl 



c3rJ 



R 3 



-5V 



-H 



Vc 

X 'N reset) 

Output pins open 

XouT 

Input pins 



CNV S 



resonator 



X, =4MHz Ceramic resonator 
X 2 =32. 768kHz ?^! z „ 4 c _ r _ ystal 
Ct =C 2 =150pF 
R, = 1MH 
C 3 =10pF 
C 4 =30pF 
R 2 =10MH 
R 3 =100kn 



Fig.3 Test circuit for measuring supply current 



A-D CONVERTER CHARACTERISTICS (V CC =5V, V ss =0V, T a =25 C, f(X 1N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 








8 


bits 


— 


Absolute accuracy 


Vcc=AVcc=Vr EF =5.12V 






±3 


LSB 


R LADDER 


Ladder resistor value 




1 






kH 


*CONV 


Conversion time 


High-speed : 0=1 MHz 






72 


JUS 


Low-speed : 0=1 MHz 






288 


jus 


v REF 


Reference input voltage 








Vcc 


V 


V, A 


Analog input voltage 








Vref 


V 
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TIMING REQUIREMENTS 

Single-Chip mode (V CC =5V±5%, V ss =0V, T a =25"C, f (X|N >= 4 MHz unless other wise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(POD— <t>) 


Port PO input setup time 


270 






ns 


tsU(P1D-0) 


Port P1 input setup time 


270 






ns 


tsU(P2D— <t>) 


Port P2 input setup time 


270 






ns 


^SU(P3D— <f>) 


Port P3 input setup time 


270 






ns 


tsil(P4D— <t>) 


Port P4 input setup time 


270 






ns 


tsU(RD— <t>) 


Port R input setup time 


270 






ns 


tSUOND— <t>) 


Port IN input setup time 


270 






ns 


the?*— POD) 


Port PO input hold time 


20 






ns 


th(?6— pid) 


Port P1 input hold time 


20 






ns 


tflC^— P2D) 


Port P2 input hold time 


20 






ns 


th(0— P3D) 


Port P3 input hold time 


20 






ns 


*h(0— P4D) 


Port P4 input hold time 


20 






ns 


th(<ft— RD) 


Port R input hold time 


20 






ns 


th (<*— IND) 


Port IN input hold time 


20 






ns 


tc(X| N ) 


External clock input cycle time (X| N ) 


230 






ns 


tw(X| N ) 


External clock input pulse width (X| N ) 


75 






ns 


^(Xcin) 


External clock input cycle time (Xcin) 


2 






ms 


Wcxcin) 


External clock input pulse width (X C in) 


1 






ms 


tr 


External clock rising edge time 






25 


ns 


tf 


External clock falling edge time 






25 


ns 



Memory expanding mode and eva-chip mode 

(V CC =5V± 5 %, V ss =0V, Ta=25 C,f( X|N )= 4 MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(POD— </>) 


Port P0 input setup time 




270 






ns 


tsu(PiD-<*) 


Port P1 input setup time 




270 






ns 


tsu(P2D— <*) 


Port P2 input setup time 




270 






ns 


th(<6— POD) 


Port P0 input hold time 




20 






ns 


th(<4— P1D) 


Port P1 input hold time 




20 






ns 


th(<6— P2D) 


Port P2 input hold time 




20 






ns 



Microprocessor mode (V CC =5V±5%, V ss =0V, T a =25 C l f (X|N )= A MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(P2D— </>) 


Port P2 input setup time 




270 






ns 


th(<*— P2D) 


Port P2 input hold time 




20 






ns 
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TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



• Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port R input 



Port IN input 



f(x IN ) 
or 

t<XCi N > 



"\ 



>; 



- t(j (0-POQ) 



x 



-td C0-P1Q) 



>; 



-t<j (0-P2Q) 



x 



- td (0-P3Q) 



X 



-td ( 0-P4Q) 



'w(X| N ) or tw(x c , N ) 



yf 



tsu (P1D-0)— *■ 



^ 



tsu'iP2D-* 



A 



tsu ( P4D— 0) — *■ 



_/f 



^r 



tsU (IND-0) 






/ 



\. 



- tfl (0-POD 1 



V 



- th (0-P1D) 



th (0-P2D) 



\. 



"th (0-P3D) 



■*— th(0-P4D) 

> 

"tfl U-RD) 



th (0-IND) 



^-t r 



tc(x, N ) or t C (x C | N ) 



X 



X 
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In memory expanding mode and eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P4 output (R/W) 



Port P^ output (SYNC) 



X 



X 



■ t(j (0-POA) 



-* — t(j (^-P1A) — *" 



>; 



■* t(j (0-P2Q) — — 



X 



"* t(j (0-R/W) *" 



>; 



*• — t(j (^-SYNC) — *■ 



X 



s 



-* — t(j (0-POAFJ 



xx; 



"* t(j (0-POQ) 

tsu (POD-*) 



— vi ? 



"* — t(j (0-P1AF) 

>XZZ 



** t(j (0-P1Q) 

tsu (P1D-^) 



/T 



" t(j (0-P2QF) 



>X 



tsu (P2D-(*) m 

A 



" t(j (0-R/WF) **" 



xx 



■* — t(j ( 0- P3 Q ) 



"* t<j(0- S y NC F) — *- 



>x 



t(j (<*-P3,Q) 



*— t<j (*-P0OF 



X 



x. 



•* — th^-POD) 

"* — t(j(0-piQF) 



X 



X 



th(<S-P1D) 



X 



th (0-P2D) 
— t(j (0-P3 o qf) 



?•— td (*-p 



>: 
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In microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P4 output (R/W) 



Port P4t output (SYNC) 



/ \ 



„ t<j (0-pQA) 



X 



* t(j (0-P1A) 



X 



x 



floating 



X 



- t(j (0-R/W) 



X 



- t(j (0-SYNC) 



X 



• t(j (*-P2Q) * 



X 



X 



X 



X 



« td (^-P2QF) 



>c:::: 



- th (*-P2D). 



x 

X 
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DESCRIPTION 

The M50957E-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M50957-XXXSP except that this 
chip has a 81920-bit (10240 wordsX8 bits) EPROM built in. 
This single-chip microcomputer is useful for home electric- 
al appliances and consumer appliance controllers. 
In addition to its simple instruction sets, the EPROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writers can be used for the built-in EPROM, this chip is 
suitable for small quantity production runs. 

DISTINCTIVE FEATURES 

• Number of basic instructions 69 

• Memory size EPROM 10240 bytes 

RAM 256 bytes 

• Instruction execution time 

■••1.9'as (minimum instructions at 4.2MHz frequency) 

• Single power supply 4.0~5.5V(at f( X|N )=4.2MHz) 

3.5 ~ 5.5V (below f (X|N ) = 1.0MHz) 
o Power dissipation 

normal operation mode (at 4.2MHz frequency) 20mW 

• Subroutine nesting • 96 levels (Max.) 

© Interrupt •••• 7 types, 5 vectors 

• 8-bit timer 3 (2 when used as serial I/O) 

• Programmable I/O (Ports P2, P3, P6) • 22 

• Input ports (Port P5 2 ~P5 7 ) 6 

• High-voltage output ports 

(Port P0, P1, P4, P5 0) P5^ 26 

• Serial I/O (8-bit) .--1 

© PWM function 14-bitX1 

6-bitX2 

• Two clock generator circuits (One is for main clock, the 
other is for clock function) 

• Generating function for clock input of EAROM 

• Comparator 1 

• EPROM(equivalenttothe M5L27128) 

program voltag e :••■•. 21V 



PIN CONFIGURATION (TOP VIEW) 



I/O port P6 



I/O port P2 



v cc [I 

P6 5 ~U 

P6 4 «-*GE 

P6 3 /PWM3 ** [7 

P6 2 /PWM2 ++ {£ 

P6,/PWM1 ~H 

P6 /T~U 

P2 /D ~[I 

P2 1 /D 1 ~[I 
P2 2 /D 2 ~[To 

P2 3 /D 3 — El 
P2 4 /D 4 ~[l2 
P2 5 /D 5 ^DI 

p2 6 /d 6 «-* in 

P2 7 /D 7 ^[T5 
P3 7 /S^-[l6 
P3 6 /CLK~[l7 
P3 5 /Sout/CE ** Dl 
P3 4 /S, N /OE ++ []9 
P3 3 /AN, N /PGM~|20 
P3 2 /CNTR^Hl 
P3t -»-*• H 
P3 ^[l 
| P53/INT,— [24 
lnputportP5 |P5 2 /INT 2 -^[i 
CNVss/Vpp H 
Reset input RESET -* [27 

Clock input X, N -* [28 

Clock output Xqut *- [H 

Clock input for . X c .n — H° 
clock function CIN t= 

Clock output for Xqout *~ UL 
clock function w irr 



I/O 
port P3 



V s; 



Outline 





s 




Ol 


£ 


o 

CD 


Ol 


Ol 


o 


^ >l 


CO 
Ol 


o m 


•Nj 


X 


m 


X 


CO 


X 




C7) 




T3 



High-voltage 
output port P4 



High- 
voltage 
output 
port P0 



64P4B 
64S1B 



64]—'P4o 
D— P4, 
1-P4 2 
1D-P4 3 
U-*P4 4 

m— P4 5 

U^P4 6 
57]->P4 7 

m — poq/ao 

U — PO^A, 
54] — P0 2 /A 2 
HJ— PO3/A3 
U -*■ P0 4 /A 4 
5l]— P0 5 /A 5 
H— P0 6 /A 6 
H— P0 7 /A 7 
H-^P1 /A 8 
]3-^P1i/A9 
U— P1 2 /A 10 
H— Pis/An 
U-*> P1 4 /A 12 

H—PVA13 
H-*P1 6 /A 14 

4D-P1 7 /A, 5 

M ~* P5 o I High-voltage 
39] — *■ ps | output port P5 

3§] ■*- V P Pull-down 
37] «_ p 5 I voltage input 

H«-P5 5 

D^-P5 6 

34]-P5 7 I 

33] -^ <f> Timing output 

(OTP) 
(Window) 



High- 
voltage 
output 
port P1 



Input port P5 



APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 
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FUNCTIONS OF 


M50957E-XXXSP 




Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1.90/zs (minimum instructions, at 4. 2MHz frequency) 


Clock frequency 


4.2MHz 


Memory size 


EPROM 


10240bytes(Note1 ) 


RAM 


256bytes 


Input/Output ports 


PO, P1, P4 


Output 


8-bitX3 (High voltage P-channel open drain; V C c~38V) 


P2, P3 


I/O 


8-bitX2 (P3 can partially be used as among serial I/O, clock input for timer 3 and normal I/O.) 


P5 , P5i 


Output 


2-bitXl (High voltage P-channel open drain; V CC -38V) 


P5 2 , P5 3 


Input 


2-bitX1 (Can be used as an input for either INT 2 or INTi.) 


P5 4 ~P 7 


Input 


4-bitXl 


P6 


I/O 


6-bitX1 (Can be used as "H output or PWM output.) 


Serial I/O 


8-bitXl 


Timers 


8-bit timerX3 (X2, when used as serial I/O) 


Subroutine nesting 


96levels (max) 


Interrupt 


Two external interrupts, three internal timer interrupts 
(or timerX2, serial I/OX1) 


Clock generating circuit 


Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 


atf(X, N )=4.2MHz 


4. 0-5. 5V 


below f(X, N )=1.0MHz 


3. 5-5. 5V 


Power dissipation 


at high-speed operation 


20mW (clock frequency X, N =4. 2MHz) 


at low-speed operation 


0. 3mW (clock frequency X C iN=32kHz) 


at stop mode 


5ajW (when clock is stopped) 


Input/Output characteristics 


Input/Output voltage 


12V (Input/output P2, P3, P5 2 ~P5 7 except P3 3 ) 


V CC -38V (PO, P1, P4, P5 , P5J 


-0. 3V~ Vcc+0. 3V ( Input/output P6) 


Output current 


10mA (P2, P3 : N-channel open drain) 


—18mA (P0, P1 : high-voltage P-channel open drain) 


— 12mA(P4, P5 , P5i : high-voltage P-channel open drain) 


0.5 0.5mA (P6: CMOS tri-states) 


Memory expansion 


Possible . 


Operating temperature range 


-10~70'C 


Device structure 


CMOS silicon gate process 


Package 


M50957E-XXXSP 


One time programming type 


64-pin shrink plastic molded DIP 


M50957ES 


Window type 


64-pin shrink ceramic DIP 



Note 1 : The EPROM programing voltage is 21 ^(equivalent to the M5L27128). 
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PIN DESCRIPTION 



Terminal 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Singl-chip 
/EPROM 


Power supply 




Power supply inputs 4.0 — 5.5V at f (X, N ) = 4.2MHz and 3.5 — 5.5V below f(X !N ) = 
1 .0MHz to Vcc. and OV to V ss . 


CNVss 
/Vpp 


Singl-chip 


CNVss input 




Connect to 0V. 


EPROM 


Vpp input 


Input 


Connect to V PP when programming or verifing. 




Single-chip 


RESET input 


Input 


To reset, keep this input terminal low for more than 2,us (min) under normal V C c 
conditions. If more is needed for the crystal oscillator to stabilize, this "L" condition 
should be maintained for the required time. 


RESET 


EPROM 


RESET input 


Input 


Connect to 0V. 


X|N 


Single-chip 
/EPROM 


Clock input . 


Input 


Connect a ceramic or a quartz crystal oscillator between X| N and Xout for clock 
oscillation. If an external clock input is used, connect the clock input to the X| N pin 
and open the X ut pin. 


XoUT 


Clock output 


Output 





Single-chip 
/EPROM 


Timing output 


Output 


For timing output. 


XciN 


Single-chip 


Clock input for clock 
function 


Input 


This is the I/O pins of the clock generating circuit for the function. To control gener- 
ating frequency, an external ceramic or a quartz crystal oscillator is connected be- 
tween the Xcin and X CO ut pins. If an external clock is used, the clock source should 
be connected to the X C in pin and the X C out pin should be left open. This clock can 
be used as a program controlled the system clock. 


XcOUT 


Clock output for clock 
function 


Output 


EPROM 






Xcin and Xcout pins are left open. 


P0o~P0 7 


Singl-chip 


Output port P1 


Output 


Port P0 is an 8-bit output port. Output structure is high-voltage P-channel open 
drain. A pull-down transistor is built in between the V P pin and this port. At reset, 
this port is set to a "L" level. 


EPROM 


Address input A ~A 7 


Input 


P0 works as the lower 8 bit address input (A ~A 7 ). 


P1o~P1 7 


Single-chip 


Output port P1 


Output 


Port P1 is an 8-bit output port and has basically the same functions as port P0. 


EPROM 


Address input A 8 ~A 13 


Input 


P1o~P15 works as the higher 5 bit address inputs (A 8 ~A 13 ). 
Connect P1 6> P1 7 to V CC - 


P2 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output. At reset, this port is set to input mode. 
The output structure is N-channel open drain. 


EPROM 


Data input/ 
Output D ~D 7 


I/O 


Port P2 works as an 8-bit data bus (D ~D 7 ) but needs 10k£2 pull-up resister. 


P3 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port P2. When 
serial I/O is used, P3 7 , P3 6 , P3 5 , and P3 4 work as S RD y. CLK, S ut, and S [N pins, re- 
spectively. P3 3 works as an analog input for comparator, and P3 2 works as a clock 
input for timer 3. 


EPROM 


Select mode 


Input 


P3 5l P3 4 , P3 3 , work as CE, OE and PGM input, respectively. 
Connect P3 2 ~P3 to 0V and P3 7 and P3 6 to 5V. 


P4 ~P4 7 


Single-chip 


Output port P4 


Output 


Port P4 is an 8-bit output port which has the same function as Port P0. 


EPROM 


Output port P4 


Output 


Connect to OV. 
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PIN DESCRIPTION 



Terminal 


Mode 


Name 


Input/ 
Output 


Functions 


■P5 , P5, 


Single-chip 


Output port P5 


Output 


Bit and 1 of port P5 are 2-bit output port and has basically the same functions as 
port PO. 


EPROM 


Output port P5 


Output 


Connect to OV. 


P5 2 /INT 2 
P53/INT! 


Single-chip 


Input port P5 


Input 


Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs. 


P5 4 ~P5 7 


Input 


Bit 4~7 of port P5 are 4-bit input port. 


EPROM 


Input port P5 


Input 


Connect to OV. 


P6 ~P6 7 


Single-chip 


I/O port P6 


I/O 


Port P6 is a 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output. The output structure is CMOS tri-state out- 
put. P6 0l P6-\, P6 2 , P6 3 can be programmed to function as timer output pin (T), PWM 
output pins (PWM1, PWM2, and PWM3), respectively. 


EPROM 


Output port 


Output 


Connect to OV. 
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EPROM MODE 

The M50957E-XXXSP features an EPROM mode in addition 
to its normal modes. When the RESET signal level is low 
("L") , the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connections in the EPROM mode. When in 
the EPROM mode, ports PO, P1, P2, P3 3 ~P3 5 , and CNV SS 
are used for the EPROM (equivalent to the M5L27128). 
When in this mode, the built-in EPROM can be written to or 
read from using these pins in the same way as with the 
M5L27128. The oscillator should be connected to the X )N 
and Xqut pins, or external clock should be connected to 
the X, N pin. 



Table 1 Pin function in EPROM programming mode 


~— — _____ 


M50957E-XXXSP 


M5L27128 


Vcc 


Vcc 


Vcc 


V P p 


CNVss/Vpp 


v PP 


Vss 


Vss 


Vss 


Address input 


Ports PO, P1 ~P1 5 


A ~A 13 


Data I/O 


Port P2 


D ~D 7 


CE 


P3 5 /CE 


CE 


OE 


P3 4 /OE 


OE . 


PGM 


P3 3 /PGM 


PGM 



Vcc 

■e- 

10kHX8 

— WK£> 

—%-■(£> 

»--%-(& 

MVKs> 



Vcc 

-e- 



©- 




Vcc E" 

P6 5 ~[I 

P6 4 -[I 

— P6 3 /PWM3 ~ [7 
— P6 2 /PWM2«-[I 
— P6!/PWM1 *>U 

P6 /T~[7 

P2 7 /D 7 «-E 

P2 6 /D 6 ^U 

— : — P2 5 /D 5 ^[l0 

P2 4 /D 4 **III 

P2 3 /D 3 ~[T2 

P2 2 /D 2 ^03 

P2 1 /D 1 ~0I 

P2 /D ~[il 

— p3 7 /s^;*>[ii 

P3 6 /CLK«-[n 

P3 5 /S OU t/CE — DI 

P3 4 /S| N /OE~[]9 

P3 3 /AN, N /PGM^|20 

P3 2 /CNTR^[2T 

PSt^H 

P3 ~H 

P5 3 /INT 1 —[24 



-P5 2 /INT 2 



<© — ^ 



CNVss/Vpp 
I 100pF — RESET — H 



(*m)- 



Oscillating 
circuit 



*OUT 



4- [29 



XdN-H 
XcOUT.'' - lH 

—Vss 



777 



(3 : Same functions as M5L27128 



o 

CO 

en 

m 

i 

X 
X 
X 

c/) 




Fig.1 Pin connection in EPROM programming mode 
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EPROM READING, WRITING AND 

ERASING 

Reading 

To read the EPROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A ~A 13 ) to be read and the data will be output to the 
I/O pins D ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the EPROM, set the CE pin to a "L" level and 
the OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A ~A 13 , and the data to 
be written is input to pins D ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 

Erasing 

Data can only be erased on the M50957ES ceramic pack- 
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is 15W-s/cm 2 . 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. |f 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. 



Table 2 I/O signal in each mode 



~^"~ -___^ Pin 

Mode ' — — ___^^ 


CE(18) 


OE(19) 


PGM(20) 


V PP (26) 


Vcc(D 


Data I/O 

(8-15) 


Read-out 


V,L 


V, L 


V IH 


V cc 


Vcc 


Output 


Programming 


V,L 


V, H 


Pulse(V, H -*V IL ) 


Vp P 


Vcc 


Input 


Programming verify 


V, L 


v IL 


V, H 


v PP 


Vcc 


Output 


Program disable 


V, H 


X 


X 


V PP 


Vcc 


Floating 



Note 1 
2 



V| L and V, H indicate a "L" and "H" input voltage, respectively. 
An X indicates either V| L or V| H . 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s. 
Output transistors cut-off. 


-0.3—7 


V 


V P 


Pull-down input voltage 


Vcc-40~Vcc+0. 3 


V 


V, 


Input voltage, P2 ~P2 7 , P3 ~P3 2 , P3 4 ~P3 7 
P5 2 /INT 2 , P5 3 /INTi 


-0.3—13 


V 


V, 


Input voltage, CNV S s 


—0. 3—22 


V 


V, 


Input voltage, RESET, X )N , X C in 


-0. 3—7 


V 


V, 


Input voltage, P6 ~P6 5 , P3 3 


-0. 3— Vcc+0. 3 


V 


v, 


Input voltage, P5 4 ~P5 7 


-0.3—13 


V 


Vo 


Output voltage, P2 ~P2 7l P3 ~P3 2 , P3 4 ~P3 7 


-0.3—13 


V 


Vo 


Output voltage, P6 ~P6 5 , X 0U t, X CO ut> <t>, P3 3 


-0.3~V cc +0.3 


V 


Vo 


Output voltage, P0 ~P0 7 , P1 ~P1 7 , P4 ~P4 7 , P5 , P5i 


Vcc-40~V C c+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



RECOMMENDED OPERATING CONDITIONS (V C c=5V±5%,T a =-10~70°C, unless otherwise noted) 



Symbol 








Limits 


Unit 




Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


f {XlN )=4.2MHz 


4 


5 


5.5 


V 


f( X|N ) = less than1MHz(Note6 ) 


3.5 


5 


5.5 


V 


v P 


Pull-down supply voltage 


Vcc-38 




Vcc 


V 


Vss 


Supply voltage 









V 


V IH 


"H" input voltage P2 ~P2 7 , P3 ~P3 7 , CNV ss (Note 1 ) 
P5 2 /INT 2 , P53/INTL P6 ~P6 5 


0.75V CC 




Vcc 


V 


V, H 


"H" input voltage RESET, X| N , X C in 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P5 4 ~P5 7 


0. 4V CC 




V C c 


V 


V, L 


"L" input voltage P2 ~P2 7 , P3 ~P3 7 , CNV SS 
P5 2 /INT 2 , P53/INTL P6 ~P6 5 







0. 25V CC 


V 


v, L 


"L" input voltage RESET 







0.12V CC 


V 


V| L 


"L" input voltage X| N , Xcin 







0.16V CC 


V 


v, L 


"L" input voltage P5 4 ~P5 7 







0.12V CC 


V 


loH(sum) 


"H" sum output current P0 ~P0 7l P1 ~P1 7 , P4 ~P4 7 
P5 , P5, 






— 120 


mA 


'oH(sum) 


"H" sum output current P6 ~P6 5 






-5 


mA 


loL(sum) 


"L" sum output current P2 ~P2 7 , P3 ~P3 7 






50 


mA 


'oL(sum) 


"L" sum output current P6 ~P6 5 






5 


mA 


'oH(peak) 


"H" peak output current P0 ~P0 4 






-40 


mA 


'oH(peak) 


"H" peak output current P0 5 ~P0 7 , P1 ~P1 7 






-30 _j 


mA 


•oH(peak) 


"H" peak output current P4 ~P4 7 , P5 , P5! 






-24 


mA 


'oH(peak) 


"H" peak output current P6 ~P6 5 






-3 


mA 


loupeak) 


"L" peak output current P2 ~P2 7 , P3 ~P3 7 






15 


mA 


'oL(peak) 


"L" peak output current P6 ~P6 5 






3 


mA 


'oH(avq) 


"H" average output current P0 ~P0 7 , P1 ~P1 7 






-18 


mA 


'oH(avq) 


"H" average output current P4 ~P4 7 , P5 0) P5T 






-12 


mA 


'oH(avq) 


"H" average output current P6 ~P6 5 






-1.5 


mA 


loL(ava) 


"L" average output current P2 ~P2 7 , P3 ~P3 7l P6 ~P6 5 






10 


mA 


'oL(avq) 


"L" average output current P6 ~P6 5 






1.5 


mA 


f(P3 2 /CNTR) 


Timer 3 counter clock input 
oscillation frequency (Note 2) 


f (X|N) =4.2MHz 






400 


kHz 


f (X|N ) = lMHz 






100 


kHz 


' f (x, N ) 


Clock input oscillating frequency (Note 2 , 3 , 5 ) 






4.2 


MHz 


f (x niN ) 


Clock oscillating frequency for clock function 






500 


kHz 



1 : High-level input voltage of up to +12V may be applied to permissible for ports P2 ~P2 2 , P3 ~ 

P3 2l P3 4 ~P3 7 , P5 2 and P5 3> and +21V for port CNV SS . 

2 : Oscillation frequency is at 50% duty cycle. 

3 ' When used in the low-speed mode, the timer clock input frequency should be f( X iN) < f(xiN)/3. 

4 : The average output current loUavg) and l H(avg) are in period of 100ms. 

5 '. When external clock input is used, the timer clock input frequency should be f(xciN) ^ 50kHz. 

6 I 4. 0~5. 5V at comparator mode. 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±5%, V ss = OV, T a = 25°C, f (X|N) = 4MHz, unless otherwise noted) • 



Symbol 










Limits 


Unit 






Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P6 ~P6 5 


Ioh=— 0.5mA 


Vcc-0.4 






V 


Vqh 


"H" output voltage <f> 


l H=-2.5mA 


Vcc-2 






V 


V H 


"H" output voltage P0 ~P0 7 , P1 ~P17 


l H=-18mA 


Vcc-2 






V 


VqH 


"H" output voltage P4 ~P4 7 , P5 , P5i 


l 0H =-12mA 


Vcc-2 






V 


Vol 


"L" output voltage P2 ~P2 7l P3 ~P3 7 


l O L=10mA 






2 


V 


Vol 


"L" output voltage P6 ~P6 5 


I O l = 0. 5mA 






0.4 


V 


Vol 


"L" output voltage <f> 


l L=2.5mA. 






2 


V 


V t +-V t - 


Hysteresis P5 2 /INT 2 , PSa/INTt 




0.3 




1 


V 


V t +-V t - 


Hysteresis RESET 






0.5 


0.7 


V 


v T +-v T _ 


Hysteresis P3 6 


When used as CLK input 


0.3 




1 


V 


IlL 


"L" input current P2 ~P2 7 , P3 ~P3 7 


V,=0V 






-5 


,uA 


Iil 


"L" input current P6 ~P6 5 


V,=0V 






-5 


M A 


'il 


"L" input current P54~P5 7 


V,=0V 






-5 


M A 


I.l 


"L" input current RESET, X, N , X C | N 


V,=0V 






-5 


juA 


'iL 


"L" input current P5 2 /INT 2 , P53/INT, 


V,=0V 






-5 


juA 


I.H 


"H" input current 


P2o~P2 7 , P3 ~P3 7 


V,=5V 






5 


M A 


P2 ~P2 7> P3 ~P3 2 , P3 4 ~P3 7 


V,=12V 






12 


ma 


I.H 


"H" input current P6o~P6s 


V,=5V 






5 


ma 


'iH 


"H" input current P5 4 ~P5 7 


V,=5V 






5 


ma 


V,=12V 






12 


luA 


I.H 


"H" input current RESET, X, Nl X C in 


V,=5V 






5 


MA 


'iH 


"H" input current P5 2 /INT 2> P5zl\Vrt\ 


V,=5V 






5 


juA 


V,=12V 






12 


juA 


'load 


Load current P0 ~P0 7 , P1 ~P17, P4 ~P4 7 , P5 , P5t 


Vp=V cc -36V, V 0L =Vcc 


150 


500 


1000 


juA 


'leak 


Leakage current P0 ~P0 7> P1 ~P17. P4 ~P4 7( P5 0> P5, 


V P =Vcc-38V, V OL =Vcc-38V 






30 


/uA 


Vram 


RAM retention voltage 


at clock stop 


2 




5.5 


V 


'cc 


Supply current 


Output pins open (output OFF) 
Vp=V C c. V P =V S s Input and I/O pins all at V S s 
Xin=4MHz (system operation) 




4 


8 


mA 


ditto (at comparator operating) 




5 


10 


mA 


ditto (at wait mode) 




1 




mA 


Xin—Xout stop 

X C iN=32kHz (at system operation) all other 

conditions same as above. 




60 


200 


/uA 


ditto (at wait mode) 




40 




/uA 


Oscillation all stopped, 
(at STOP mode) 


T a =25°C 






1 


/uA 






T a =70°C 






• 10 


/uA 
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COMPARATOR CHARACTERISTICS (v cc = 5v±5%, v ss = ov, i a = 25 c, f (X|N , = 4mh z ) 



Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


Resolution 








(1/16)V CC 


V 


Internal analog voltage inaccuracy 








±'(1/16)Vcc 


V 


Analog input voltage 








Vcc 


V 



-4-^- 



Hj5Ui- 



a 'n RESET 
V P 

^OUT 

Input pin 

XciN 



Vss 



X 1 =4MHz ceramic oscillator 

X 2 =32. 768kHz quartz crystal 

C 1 =c 2 =30pF oscillator 

R, = lMn 

C 3 =10pF 

C 4 =30pF 

R 2 =10MO 

R 3 =100kn 

Output pins are open 



Fig.2 Supply current test circuit 
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DESCRIPTION 

The M50963E-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M50963-XXXSP except that this 
chip has a 81920-bit (10240 wordsX8 bits) EPROM built in. 
This single-chip microcomputer is useful for home electric- 
al appliances and consumer appliance controllers. 
In addition to its simple instruction sets, the EPROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writers can be used for the built-in EPROM, this chip is 
suitable for small quantity production runs. 
The M50963ES and the M50963EFS are the window type. 
The differences between the M50963E-XXXSP and the 
M50963EFS are the package outline and the power dis- 
sipation ability(absolute maximum ratings). 

DISTINCTIVE FEATURES 

® Number of basic instructions 69 

• Memory size ROM 10240 bytes 

RAM- : 160 bytes 

• Instruction execution time 

2/us (minimum instructions at 4MHz frequency) 

• Single power supply • 5V±5% 

© Power dissipation 

normal operation mode (at 4MHz frequency) ••••15mW 

• Subroutine nesting 80levels (Max.) 

® Interrupt 7 types, 5 vectors 

e 8-bit timer • 4 

® Programmable I/O ports (Ports P0, P1, P2, P3, P4)---- 40 

• Input ports (Port P5) 8 

© Output ports (Port P6) •-••:•■ ;--4 

© Serial I/O (8-bit) • 1 

• A-D converter 8-bit successive approximation 

• D-A converter 

• 8-bit PWM function 

• Watchdog timer 

• EPROM (equivalent to the M5L27128) 

program voltage- 21V 

APPLICATION 

Office automation equipment 

VCR, Tuner, Audio-visual equipment 



PIN 


CONFIGURATION (TOP VIEW) 




V cc II 


v^ 


64 


+* P2 /D 


AV SS [? 




63 


~ P2 1 /D 1 




Reference voltage x/ _* IT 
input V Ref-LL 




62 


*+ P2 2 /D 2 




D-A output . D-A*-[T 




61 


+* P2 3 /D 3 


I/O 


PWM output port PWM ■*— [T 




60 


** P2 4 /D 4 


port P2 




P63-E 




59 


*♦ P2 5 /D 5 




Output 


P6 2 -E 




58 


~ P2 6 /D 6 




port P6 


P^/Q^-E 




57 


~ P2 7 /D 7 






P6 /T^-E 




56 


** P0 /A o 






P4 7 /AN 7 .**G£ 




55 


*+ PO^A, 






P4 6 /AN 6 ^E 




54 


*+ P0 2 /A 2 






P4 5 /AN 5 ++ 01 




53 


+* P0 3 /A 3 


I/O 


I/O 


P4 4 /AN 4 ** m 




52 


*+ P0 4 /A 4 


port P0 


port P4 


P4 3 /AN 3 ^Di 


5? 


*+ P0 5 /A 5 






P4 2 /AN 2 /CE*-[iI 


^ § 


U— P0 6 /A 6 






P4,/OE^[T6 
P4 /PGM *+ [V7 


33E-> 

or 
50963 


U — P0 7 /A 7 
4§]^P1 /A 8 






P3 7 /S RDY **[l| 


m >< 

en £ 

22 


U^P^/Ag 






P3 6 /CLK«-[l9 


iU**Pl2/Aio 






P3 5 /S ut^[1 


TI 


H^-PVAn 


I/O 


I/O 


P3 4 /S IN — [2T 


■ 


44]*-P1 4 /A 12 


port P1 


port P3 


P3 3 /CNTR-~>[22 

P3 2 /iNT2" *+ H 

P3 t **|H 

P3 ~H 




5U**P1 5 /A ft 
42]^P1 6 /A 14 
4D^P17/A 15 
3— P5 




Interrupt input |fgj 1 -♦ [26 




U^-ps, 




CNVss/Vpp QJ7 




1]<-P5 2 




Reset input RESET -+[28 




H-P5 3 


Input 


Clock input X, N -*■ [29 


■ 


U *- P5 4 /ED 4 


port P5 


Clock output Xout *"~ H2 




U — P5 5 /ED^ 




Timing output #•♦— J31 




U — P5 6 /ED^ 




Vss H 


" 


U — P5 7 /Id; 






64P4B (OTP) 


Outline 64S1B ( Window ) 




<oi^ o^nnTfnfflsooiSrr^" 1 




QQ <<<<<<<<<<<<<<<< . 








CM C\J O O O O O O O O O T? T- T^ T^ T^ T^ 1^ T^" O lO 




Q. Q. Z Q. Q. D. 0. Q. Q. Q. Q. Q. Q. 0. 0. Q. Q. Q. Q. Z 0. 






n (iiitnmtntn i 




P5i 




i57l|56||55l[5^|53T[52f^^ 


P2 5 /D 5 ~[I§ 




36]-»— 


P2 4 /D 4 ++ d 


O 


371- 


P5 2 


P2 3 /D 3 ~[60 


34]^ 


P5 3 


P2 2 /D 2 ^[Il 


m<- 


P5 4 /ED 4 


P2 1 /D 1 «-*»[I 




!*- 


P5 5 /ED 5 


P2 o /D o ~0l 
NC H 


M50963E-XXXFP 


30] «- 


P5 6 /ED 6 
P5 7 /ED 7 


V ss [1 


or 


2T1 


Vss 


NC [li 
V cc HZ 


M50963EFS 


28]-* 
27]-. 


Xout 


AV SS 1 




U- 


X|N 


V R ef — 01 


O O 


!«- 


RESET 


D-A ^[Z£ 


24] CNV S s/Vpp 


PWM^-[H 




2?| 


NC 


P6 3 '«-[I 




n 


NC 




Il||2||3||4||5||6||7||8||9||lo|hl||l2||l3||l4||l5||l6||l7||l8||l9||2o||2l| 






juiiniiitiiitiijii 


WMmmmm* 




a. 




72P6 (OTP) 




UUIIine 72S6 (Window) NC : No connection 



5-56 



MITSUBISHI 
.ELECTRIC 




m 

o 

< 
m 



2 
en 

o 

W 

■ 

X 
X 
X 

</) 
■n 



MITSUBISHI MICROCOMPUTERS 
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FUNCTIONS OF 


M50963E-XXXSP 




Parameter 


Functions 


Number of basic instructions 


-69 


Instruction execution time 


2/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz 


Memory Size 


EPROM 


10240bytes(Note1 ) 


RAM 


160bytes 


Input/Output ports 


TntT 


Input 


1-bitXl 


PO, P1, P2, P3, P4 


I/O 


8-bitX5 (a part of P3 is common with serial I/O, timer I/O, and interrupt input) 


P5 


Input ' 


8-bitXl 


P6 


Output 


4-bitX1 (a part of P6 is in common with external trigger output pin) 


Serial I/O 


8-bitX1 


Timers 


8-bit prescalerX3+8-bit timerX4 


A-D conversion 


8-bitXl (6 channels) 


D-A conversion 


5-bitXl . 


Pulse width modulator 


8-bitX1 


Watchdog timer 


15-bitX1 


Subroutine nesting 


80 levels (max) 


Interrupts 


Two external interrupts, three internal timer interrupts 


Clock generating circuit 


built-in (ceramic or quartz crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


at high-speed operation 


15mW (at 4MHz frequency) 


Input/Output characteristics 


Input/Output voltage 


12V (Ports PO, P1, P3, P4, P5, P6, Int7) 


Output current 


5mA (Ports PO, P1, P2, P3, P4) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate process 


Package 


M50963E-XXXSP 


One time programming type 


64-pin shrink plastic molded DIP 


M50963ES 


Window type 


64-pin shrink ceramic DIP 


M50963E-XXXFP 


One time programming type 


72-pin plastic molded QFP 


M50963EFS 


Window type 


72-pin ceramic QFP 



Note 1 : The EPROM programing voltage is 21 V (equivalent to the M5L27128). 
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PIN DESCRIPTION 



. Terminal 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc . 
Vss 


Singl-chip 
/EPROM 


Power supply 




Supply 5V±5% to V cc and OV to V ss . 


CNVss 


Singl-chip 


CNVss input 


Input 


Connect to OV. 


EPROM 


V P p input 


Connect to V PP when programming or verifing. 


RESET 


Single-chip 


RESET input 


Input 


To reset, keep this input terminal low for more than 2^s (min) under normal Vcc 
conditions. If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be maintained for the required time. 


EPROM 


RESET input 


Connect to V S s. 


X|N 


Single-chip 
/EPROM 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X| N and Xout for clock 
oscillation. If an external clock input is used, connect the clock input to the X| N pin 
and open the X ut pin. 


X UT 


Clock output 


Output 





Single-chip 
/EPROM 


Timing output 


Output 


For timing output. 


IntT 


Single-chip 


Interrupt input 


Input 


Interrupt input INTi. 


EPROM 


Interrupt input 


Input 


Connect to OV. 


P0 ~P0 7 


Singl-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with direction registers which can program each bit as 
input or output. It is set to input mode at reset. The output format is N-ch open drain. 


EPROM 


Address input Ao~A 7 


Input 


PO works as the lower 8 bit address input (A ~A7). 


P1 ~P17 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port which has the same function as Port PO. 


EPROM 


Address input A 8 ~A 13 


Input 


P1 ~P1 4 works as the higher 5 bit address inputs (A 8 ~A 13 ). 
Connect P1 5 ~P17 to Vcc- 


P2 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port which has the same function as Port PO. The output for- 
mat is CMOS. 


EPROM 


Data input/ 
output D ~D 7 


I/O 


Port 2 works as an 8 bit data bus (D ~D 7 ). 


P3 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions Port PO. When se- 
rial I/O is used, P3 7 , P3 6 , P3 5 , and P3 4 work as S RDY , CLK, S ut. and S, N pins, re- 
spectively. Also P3 3 and P3 2 work as CNTR pin and the lowest interrupt pin (INT 2 ), 
respectively. The output format is N-ch open drain. 


EPROM 


Input Port P3 


Input 


Connect to OV. 


P4 ~P4 7 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 8-bit I/O port which has the same function as Port PO. Ports P4 7 ~P4 2 
are common with Analog inputs AN 7 ~AN 2 . The output format is N-ch open drain. 


EPROM 


Select mode 


Input 


P4 2 , P4L P4 work as CE, OE and PGM inputs, respectively. 
Connect P4 5 ~P4 7 to OV and P4 4 and P4 3 toV CC - 


P5 ~P5 7 


Single-chip 


Input port 


Input 


Port P5 is an 8-bit input port. Ports P5 7 ~P5 4 have edge sence functions. 


EPROM 


Input port 


Input 


Connect to OV. 
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PIN DESCRIPTION 



Terminal 


Mode 


Name 


Input/ 
Output 


Functions 


P6 ~P6 3 


Single-chip 


Output port 


Output 


Port P6 is an 4-bit output port. At external trigger output mode, P6o and P6! are in 
common with the trigger input pin (T) and the trigger output pin (Q), respectively. 
The output structure is N-channel open drain. 


EPROM 


Output port 


Output 


Connect to OV. 


AV SS 


Single-chip 


Analog voltage input 


Input 


GND pin for the A-D and D-A converters. 


EPROM 


Analog voltage input 


Input 


Connect to OV. 


v REF 


Single-chip 


Reference voltage 
input 


Input 


Referrence input for A-D and D-A converters. 


EPROM 


Reference voltage 
input 


Input 


Connect to OV. 


D-A 


Single-chip 


D-A output 


Output 


D-A converter output pin 


EPROM 


D-A output 


Output 


Connect to OV. 


PWM 


Single-chip 


PWM output 


Output 


Pulse width modulation output pin (N-ch open drain format). 


EPROM 


PWM output 


Output 


Connect to OV. 
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EPROM MODE 

The M50963E-XXXSP features an EPROM mode in addition 



Table 1 Pin function in EPROM programming mode 



to its normal modes. When the RESET signal level is low 
("L") , the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
and Figure 2 give the pin connections in the EPROM mode. 
When in the EPROM mode, ports PO, P1, P2, P4 ~P4 2) and 
CNV SS are used for the EPROM (equivalent to the 
M5L27128). When in this mode, the built-in EPROM can be 
written to or read from using these pins in the same way as 
with the M5L27128. The oscillator should be connected to 
the X| N and X ut pins, or external clock should be con- 
nected to the X| N pin. 



- — — — -__ 


M50963E-XXXSP/FP 


M5L27128 


Vcc 


Vcc 


Vcc 


V P p 


CNVss/Vpp 


v PP 


V S s 


Vss 


Vss 


Address input 


Ports PO, P1 ~P1 5 


A ~A 13 


Data I/O 


Port P2 


D ~D 7 


CE 


P4 2 /CE 


CE 


OE 


P4 1 /OE 


OE 


PGM 


P4 /PGM 


PGM 



©- 



VCC 



-Vcc E 
AV S s-U 

Vref-E 

D-A «- [T 

PWM — \£ 

P6 3 - [? 

■ P6 2 -[7 

P6! /Q — H 

P6 /T — H 

P4 7 /AN 7 — [To 

P4 6 /AN 6 — m 

P4 5 /AN 5 — in 

P4 4 /AN 4 — d 

p4 3 /an3 — m 

@ P4 2 /AN 2 /CE — 01 

(§) P4,/OE — 01 

© P4 /PGM — 01 

P3 7 /S^ — 0| 

P3 6 /CLK — 01 

P3 5 /S OU T — m 

P3 4 /S IN — H 

P3 3 /CNTR — [22 

P3 2 /TNT; 

P3! — H 

P3 — H 

-Tnt7— ► H 



© CNVss/Vpp — [27 

RESET — H 

Ceramic O X, N — [29 

oscilating O — X OU t — H 
circuit ^rjf 

Vss H 




7fr V ss 



O I Same function as M5L27128 



Fig. 1 Pin connection in EPROM programming mode (M50963E-XXXSP, M50963ES) 
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©- 
©- 
©- 
©- 
•©- 
©- 






7lT 



-Q- 

@© @©@@@®©©@@@©©©_ 
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777 



I I 



" P2 5 /D 5 

• P2 4 /D 4 • 

— P2 3 /D 3 « 
■ P2 2 /D 2 - 

• PVD, • 
■P2 /D ' 

NC 
V ss 

NC 
V cc 

— AV SS 

— v REF - 

— D-A « 

— PWM - 
P6 3 - 



^[58 

-[* 
.[63 

H 

[66 

[67 

[68 

► [69 

-H 

"[I 



^I F I F I 



[5l][^[5T|[5^[49][^[^[^[^[^[^[42l[^[^[39|[3i][37l 



o 



M50963E-XXXFP 



M50963EFS 



O 



o 






1 — P5, 

!«-P5 2 

E— P5 3 - — 
1] — P5 4 /ED 4 ■ 
I] — P5 5 /ED 5 - 
E - P5 6 /ED 6 " 
3o]"--P57/ED 7 - 
1 V ss 

28]— 0, , 

ZD— Xqut — 
U--x, N — 

ID — RESET — 
13 CNV SS /V PF 
I] NC 

m nc 



— © 



, Ceramic 

} oscilating 

circuit 



-<© 



co£< 



2222<^£22£ tL ^ 



^v 



Vcc ^- 



^ 



O : Same function as M5L27128 



©©© 



^ 



Fig. 2 Pin connection in EPROM programing mode (M50963E-XXXFP, M50963EFS) 
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EPROM READING, WRITING AND 

ERASING 

Reading 

To read the EPROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A ~A 13 ) to be read and the data will be output to the 
I/O pins D ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the EPROM, set the CE pin to a "L" level and 
the OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A ~A 12 , and the data to 
be written is input to pins D ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. 



Notes on Writing 

When using an EPROM writer, the address range should 
be between 1800 16 and 3FFF 16 . When data is written be- 
tween addresses 0000 16 and 3FFF 16> fill addresses 0000 16 
to 17FF 16 with 00 16 . 

Erasing 

Data can only be erased on the M50963ES and the 
M50963EFS ceramic package, which includes a window. 
To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W # s/cm 2 . 



Table 2 I/O signal in each mode 



~~~~~~"~-------__^^ Pin 

Mode ~~~" -- — -_____^ 


CE(15) 


OE(16) 


PGM(17) 


V PP (27) 


Vcc(D 


Data I/O 
(57—64) 


Read-out 


v, L 


V, L 


V, H 


Vcc 


Vcc 


Output 


Programming 


v IL 


V IH 


Pulse(V IH — V, L ) 


V PP 


Vcc 


Input 


Programming verify 


V, L 


V, L 


V,H 


V PP 


V C c 


Output 


Program disable 


V,H 


X 


X 


v PP 


Vcc 


Floating 



Note 1 
2 



V| L and V| H indicate a "L" and "H" input voltage, respectively. 
An X indicates either V, L or V| H . 
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ABSOLUTE MAXIMUM RATINGS 



Note 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 

With the output transistor cut-off 


-0.3—7 


V 


V, 


Input voltage Xin 


-0.3—7 


V 


V, 


Input voltage P2 ~P2 7 , P4 4 ~P4 7 


-0. 3— Vcc+0. 3 


V 


v, 


Input voltage P0 ~P0 7 , P1 ~P17, P3 ~P3 7 , P4 ~P4 3 , 
. P5 ~P5 7 , TnT7 


-0.3—13 


V 


v, 


Input voltage CNV SS , RESET 


-0.3— 13 (Note 1) 


V 


Vo 


Output voltage P2 ~P2, P4 4 ~P4 7 , X 0U t, 0, D-A 


-0. 3— Vcc+0. 3 


V 


Vo 


Output voltage P0 ^P0 7 , P1 ~P17> P3 ~P3 7 , P4 ~P4 3 , 
P6 ~P6 3 , PWM 


-0.3—13 


V 


Pd 


Power dissipation 


T a =25°C 


1000(Note2 ) 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



In EPROM programming mode, CNV SS is 22. OV 
300mW for QFP types. 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


Vss 


Supply voltage 









V 


Vref 


Reference voltage 


4 




Vcc 


V 


V,h 


"H" input voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 , 
P3 ~P3 7 , P4o~P4 7> P5 ~P5 7> 
INT,, RESET, Xin, CNV ss , P6 


0. 8V CC 




Vcc 


V 


v, L 


"L" input voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 , 
IntT, CNVss, P6 







0. 2V CC 


V 


V, L 


"L" input voltage RESET 







0. 12V CC 


V 


V, L 


"L" input voltage X [N 







0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 (Note 4 ) 






10 


mA 


'oL(peak) 


"L" peak output current P6o~P6 3 (Note 4 ) 






15 


mA 


'oL(peak) 


"L" peak output current PWM (Note 4 ) 






5 


mA 


'oL(avg) 


"L" average output current P0 ~P0 7 , P1 ~ PI7- P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7 (Note 3) 






5 


mA 


'oL(avq) 


"L" average output current P6 ~P6 3 (Note 3 ) 






7 


mA 


'oL(avq) 


"L" average output current PWM (Note 3 ) 






2.5 


mA 


'oH(peak) 


"H" peak output current P2 ~P2 7 (Note 4 ) 






-10 


mA 


'oH(avq) 


"H" average output current P2 ~P2 7 (Note 3 ) 






-5 


mA 


f (x IN ) 


Internal clock oscillating frequency 






4 


MHz 



Note 3 : The average output currents loaavg) a nd 'oH(avg) ar © tne average value of a period of 100ms. 

4 ! Do not allow the combined low- level output current of ports P0, P1 , P2, P3, P4, P6, and PWM to 

exceed 80mA. 

Do not allow the combined high- level output current of port P2 to exceed 50mA. 

5 : "H" input voltage of ports' P0, P1, P3, P4 ~P4 3 , P5 and INT - ! is available up to +12V. 
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ELECTRICAL CHARACTERISTICS (v cc =5v,v ss =ov.T a =25c,. (x 



=4MHz, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min. 


Typ. 


Max. 


Vqh 


"H" output voltage P2 ~P2 7 


l O H=-10mA 


3 






V 


Vqh 


"H" output voltage <f> 


l OH =--2.5mA 


3 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7l P6 ~P6 3 


loL=10mA 






2 


V 


Vol 


"L" output voltage <t>, PWM 


loL = 5mA 






2 


V 


V t +-V t - 


Hysteresis INT1 




0.3 




1 


V 


V t +-V t - 


Hysteresis P36 


When used as CLK input 


0.3 


0.8 




V 


V T +-V T _ 


Hysteresis P32 


When used as INT2 input 


0.3 




1 


V 


V t +-V t - 


Hysteresis P3 3 


When used as CNTR input 


0.5 


1 




V 


V t +-V t - 


Hysteresis P6 


When used as T input 


0.5 


1 




V 


V T +-V T - 


Hysteresis RESET 






0.5 


0.7 


V 


V T +-V T _ 


Hysteresis X, N 




0.1 




0.5 


V 


Iil 


"L" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 3 , PWM 


V,=0V 






—5 


juA 


IlL 


"L" input current INT^ RESET, X, N 


V,=0V 






-5 


ma 


Iih 


"H" input current P0 ~P0 7 , P1 ~P17, P3 ~P3 7 
P4o~P4 3 , P5o~P5 7) P6 ~P6 3 
PWM 


V,=12V 






12 


juA 


llH 


"H" input current INT1, RESET, X| N , P2 ~P2 7 
P4 4 ~P4 7 


V,=5V 






5 


juA 


Vram 


RAM retention voltage 


At clock stop 


2 






V 


'cc 


Supply current 


<t>, X ut> and D-A pins 
opened, other pins at 
V S s, and A-D converter 
in the finished condi- 
tion. 


f (X|N )=4MHz 
Square wave 




3 


6 


mA 


At clock stop 
T a =25°C 






1 


juA 


At clock stop 
T a =75°C 






10 



A-D CONVERTER CHARACTERISTICS (V C c=5V, v S s=AVss=0V, T a =25°C, f (X|N ,=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution . 


v , ref == Vcc 






8 


Bits 


— 


Absolute accuracy 


Vref == Vcc 






±3 


LSB 


Rladder 


Ladder resistance value 


Vref == Vcc 


2 




10 


kn 


tcONV 


Conversion time 








50 


/us 


v REF 


Reference input voltage 




2 




Vcc 


V 


V IA 


Analog input voltage 









Vref 


V 



D-A CONVERTER CHARACTERISTICS (V CC =5V, v ss =AV S s=0V, T a =25°C, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


— 


Resolution 


Vref = Vcc 






5 


Bits 


- 


Error in full scale range 


Vref = V C c 






±1 


% 


*su 


Setup time 


Vref=V C c 






3 


MS 


Ro 


Output resistance 


Vref = Vcc 






3 


kH 


v REF 


Reference voltage 




4 




Vcc 


V 
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TIMING REQUIREMENTS 

Single-Chip jnOde (V C0 =5V±5%, V ss =0V, T a =25°C, f< X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsiKPOD— <f<) 


Port PO input setup time 




270 






ns 


tsU(P1D— <f) 


Port P1 input setup time 




270 






ns 


*SU(P2D— <t>) 


Port P2 input setup time 




270 






ns 


*SU(P3D— <t>) 


Port P3 input setup time 




270 






ns 


*SU(P4D— <t>) 


Port P4 input setup time 




270 






ns 


tsU(P5D— 4>) 


Port P5 input setup time 




270 






ns 


*h(<*— POD) 


Port PO input hold time 




20 






ns 


th(<*— P1D) 


Port P1 input hold time 




20 






ns 


th(<*— P2D) 


Port P2 input hold time 




20 






ns 


th(<*— P3D) 


Port P3 input hold time 




20 






ns 


th(<*— P4D) 


Port P4 input hold time 




20 






ns 


*h(<*— P5D) 


Port P5 input hold time 




20 






ns 


tc 


External clock input cycle time 




250 






ns 


t w 


External clock input pulse width 




75 






ns 


tr 


External clock rising edge time 








25 


ns 


tf 


External clock falling edge time 








25 


ns 



Eva-Chip mode (V CC =5V±5%, V ss =0V, T a =25°C, f (X|N )=4MHz. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(POD— </>) 


Port P0 input setup time 




270 






ns 


tsU(P1D— 0) 


Port P1 input setup time 




270 






ns 


*SU(P2D— <t>) 


Port P2 input setup time 




270 






ns 


th(<6— POD) 


Port P0 input hold time 




20 






ns 


th(*i — P1D) 


Port P1 input hold time 




20 






ns 


thU— P2D) 


Port P2 input hold time 




20 






ns 



Memory expanding mode and microprocessor mode 



(V CC =5V±5%, V ss =0V, T a =25°e, f (X|N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


, Typ. 


Max. 


tsu(P2D— <t>) 


Port P2 input setup time 




270 






ns 


tfK^A— P2D) 


Port P2 input hold time 




30 






ns 



5-66 



MITSUBISHI 
i ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M50963E-XXXSP FP 
M50963ES EFS 

EPROM VERSION of M50963-XXXSP/FP 



SWITCHING CHARACTERISTICS 

Single-Chip mode (V CC =5V±5%, V ss =0V, T a =25°C, f (X|N) =4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


t(j(0_pOQ) 


Port PO data output delay time 


Fig. 3 






230 


ns 


td(0— piq) 


Port P1 data output delay time 






230 


ns 


*d(0— P2Q) 


Port P2 data output delay time 


Fig. 4 






230 


ns 


td(0_p 3Q ) 


Port P3 data output delay time 


Fig. 3 






230 


ns 


td(0_p 4Q ) 


Port P4 data output delay time 






230 


ns 


td(<*_p6Q) 


Port P6 data output delay time 






230 


ns 



Eva-chip 


mode (V CC =5V±5%, V S s=0V, T a =25°C, f (X|N )=4MHz, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


tdU— POA) 


Port P0 address output delay time 


Fig. 3 






250 


ns 


td(<£— POAF) 


Port P0 address output delay time 






250 


ns 


*d(«* — poq) 


Port P0 data output delay time 






200 


ns 


td(f*— POQF) 


Port P0 data output delay time 






200 


ns 


tdU— P1A) 


Port P1 address output delay time 






250 


ns 


td(0— P1AF) 


Port P1 address output delay time 






250 


ns 


td(0— P1Q) 


Port P1 data output delay time 






• 200 


ns 


td(0— P1QF) 


Port P1 data output delay time 






200 


ns 


^d(?!>— P2Q) 


Port P2 data output delay time 


Fig. 4 - 






300 


ns 


^d(0— P2QF) 


Port P2 data output delay time 






300 


ns 


td(0— R/W) , 


R/W signal output delay time 


Fig. 3 • 






250 


ns 


td(0— R/WF) 


R/W signal output delay time 






250 


ns 


td(0— P3 Q) 


Port P3 data output delay time 






200 


ns 


td(0— P3 QF) 


Port P3 data output delay time 






200 


ns 


td(«ft— SYNC) 


SYNC signal output delay time 






250 


ns 


td((4— SYNCF) 


SYNC signal output delay time 






250 


ns 


td(0— P3TQ) 


Port P3-[ data output delay time 






200 


ns 


td(0— P3TQF) 


Port P3! data output delay time 






200 


ns 



Memory expanding mode and microprocessor mode 

(Vr^ = 5V±5% 



(V CC =5V±5%, V ss =0V, T a =25°C, f (XlN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(«*— POA) 


Port P0 address output delay time 


Fig. 3 






250 


ns 


td(0— pia) 


Port P1 address output delay, time 






250 


ns 


*d(0— P2Q) 


Port P2 data output delay time 


Fig. 4 






300 


ns 


' t d(0-P2QF) 


Port P2 data output delay time 






300 - 


ns 


td(<?!— R/W) 


R/W signal output delay time 


Fig. 3 






250 


ns 


td(0— SYNC) 


SYNC signal output delay time 






250 


ns 












P2 




1 

i: 100pF 

7/7 


1 






Tfr 



Fig. 3 Ports PO, P1, P3, P4, and P6 test circuit 



Fig. 4 Port P2 test circuit 
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TIMING DIAGRAMS 

In single-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output 



Port P3 input 



Port P4 output 



Port P4 input 



Port P5 input 



Port P6 output 



f <x IN ) 



\ -y 



* t(j (tf-POQ) 



X 



-t(j (0-P1Q) 



-t(j (<6-P2Q) 



<X 



>: 



-t<j (0-P3Q) 



x 



-t<j (<6-P4Q.) 



■* t(j (0-P6Q) 



X 



tw 



/ 



tsU (P1D-0)— *> 



*SU (P2D-«i)— - 



.X 



tsU (P3D-0)— *■ 



^r 



tsU (P4D-*)— »- 



X 



^U (P5D-0)— »■ 



\ 



V 



■* th (0-POD) 



\ 



- th (0-P1D) 



V 



-th ((U-P2D) 



V 



"th («S-P3D) 



V 



■* — th («i-P4D) 



X 



"*" th (<*-P5D) 



s. 
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In eva-chip mode 



Port PO output 



Port PO input 



Port P1 output 



Port P1 input 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



PortP3! output (SYNC) 



y 



x 



X 



- t(j (0-POA) — *~ 



X 



• t(j (0-p-iA) — »- 



■* — t(j (0-P2Q) — ■" 



X 



"■ t(j (0-R/W) ** 



>: 



•* — t<j (0-SYNC) — •" 



>; 



./ 



"* — t(j (0-POAF) 



xx: 



-*> t(j (0-POO) 



tsu (POD-0) 






"* t(j (0-P1AF) 



>x 



' td (0-P1Q) 



tsU (P1D-0) yi 



- t(j (0-P2QF) 



>X 



tsu (P2D-0) 

/T 



>x 



" t(j (0-R/WF) 



■* — t(j (0-P3 o Q) 



"* — t(j (0-SYNCF) — *- 



>X 



"* t(j (#-p 3 ,Q) 



*— t(j (0-POQF) 



X 



x. 



-* — tfl (0-POD) 

t(j (0-P1QF) 



X 



«* — th (0-pid) 



X 



X 



- th (0-P2D) 

•* td (0-P3 o QF) 



X 



■ td (0-P3,QF) 
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In memory expanding mode and microprocessor mode 



Port PO output 



Port P1 output 



Port P2 output 



Port P2 input 



Port P3 output (R/W) 



Port P3i output (SYNC) 



/ 



\ / 



x 



-t(j (0-POA) 



* — td u-pia) 



x 



K". 



floating 



X 



-,t(j (tf-R/W) 



X 



- ^d U-SYNC) 



X 



- td (0-P2Q) 



tsU (P2D-0) 



X 



X 



■ td (* 



x: 



* — th (0-P2D) 



X 



X 
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PRELIMINARY 

Notice: This is not a final specification. Some 
parametric limits are subject to change. 



MITSUBISHI MICROCOMPUTERS 

M37410E6-XXXFP 



EPROM VERSION of M37410M3-XXXFP.M37410M4-XXXFP 



DESCRIPTION 

The M37410E6-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin shrink plastic molded QFP. The features of this chip 
are similar to those of the M37410M4-XXXFP except that 
this chip has a 98304-bit (12288 words X 8 bits) EPROM 
built in. This single-chip microcomputer is useful for home 
electrical appliances and consumer appliance controllers. 
In addition to its simple instruction sets, the EPROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writers can be used for the built-in EPROM, this chip is 
suitable for small quantity production runs. 



69 

•12288 bytes 
••••256 bytes 



• 1^s 

• 4jus 



-5.25V 



DISTINCTIVE FEATURES 

• Number of basic instructions 

• Memory size EPROM 

RAM----- 

• Instruction execution time 

(minimum instructions at 8MHz frequency) 

at high-speed mode • 

at low-speed mode 

• Single power supply 

f(X, N )=8MHz 4.75- 

• Power dissipation 

normal operation mode (at 8MHz frequency) 

30mW (V CC =5V, Typ.) 

low-speed operation mode (at 32kHz frequency for 

clock function) 54/iW(V cc = 3V, Typ.) 

© RAM retention voltage (stop mode) 

:•- 2.0V^V RAM ^5.5V 

• Subroutine nesting 96 levels (Max.) 

© Interrupt • 9 types, 5 vectors 

© 8-bit timer 4 

© 16-bit timer 1 (Two 8-bit timers make one set) 

© Programmable I/O ports 

(Ports PO, P1, P2, P3, P4) • 40 

© Serial I/O (8-bit) • 1 

• A-D converter 8-bit, 8-channel 

conversion speed (25//s) 

• LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 

segment output 24 

common output • • • 4 

• Two clock generating circuits (One is for main clock, 
the other is for clock function) 

• EPROM (equivalent to the M5L27128) 

program voltage 21V 



PIN CONFIGURATION (TOP VIEW) 


? 2 ? a. a. a a. 






6 6 (5 a o 6 6 6 6 o o S o o o o o 6 a 5 




WWWWWWWWWWWWWCOWWCOWWO 


i t n t n t m ? t, r r t tt 1 1 1 




Rf7ll[ilRfiIRNf7ll[iIf7IlRfiil^^fiil|iil^Ii5lliil^ 




SEG 19 /IN 4 ~[d 




S]r»COM 2 


SEG 20 /IN 3 — E 


o o- 


El— COM, 


SEG 21 /IN 2 — E 


1]— COM 


SEG 22 /IN,— U 


El — Vu 


SEG 23 /IN — E 




m— v L2 


' AV SS E 


^ 


m — v L3 


Vref^E 


00 


El— P2o/D 


V cc E 


-N 


m— p2 1 /d 1 


P5 7 /PWM3 — E 


o 


E~+ P2 2 /D 2 


P5 6 /PWM2— 03 


ID— P2 3 /D 3 


P5 5 /PWM1 — E 


?> 


|o]- M -P24/D4 


P5 4 /PWM0 — E 




<JD— P2 5 /D 5 


P5 3 /SIG— E 


X 


«l— P2 6 /D 6 


P5 2 /CNT 2 /CE— E 


X 


n]**P2 7 /D 7 


PS^CNHVOE — E 


T| 


JD ** P0 o /A o 


P5 /INT 3 /PGM— E 


«D+* P0,/A, 


P3 7 /S RDy — E 


o 


3— P0 2 /A 2 


P3 6 /CLK — E 


«] ~ P0 3 /A 3 


P35/Sout ♦*l]9 




«jD — PO4/A4 


P3 4 /S| N — Gjo 




iD— po 5 /a 5 




[2lJffi[24Jl^l27J[2^^[3}JtHj^ 




nut hi n n m t n 




X*£o$$%xZ£<<<<<<$$$$ 




££^ ^ c s: s: e s: e s: °- ^ °- °- 

2 o 


Outline 80P6S 



APPLICATION 

Audio-visual equipment 
Remote control 
Camera 
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M37410E6-XXXFP BLOCK DIAGRAM 



INT, RESET 



ss AV SS V REF 



CNV S! 



I/O port P5 

J I XT iiHli | 



. Clock 

generating 

circuit 



TTT 



TV 



TV 



Processor 

status 

register 

PS(8) 



Program 
counter 
PC H (8) 



r 



Program 
counter 

PC L (8) 



Stack 

pointer 

S(8) 



8-bit 
arithmetic 



Accumulator 
A(8) 



\7 



RAM 
256bytes 

— 7V" 



Index 

register 

Y(8) 



1Z 



EPROM 
12288bytes 



Iz. 




P5(8) 

TV" 



Instruction 
register 



^Z_ 



Instruction 
decoder 



Control signal 



A-D 
start 



TV 



TV 



¥ \/ 



LCD data memory ] 



±Z 



TV 



| P4(4) 



TV 



i_sz_ 



S 1/0(8) 




XciN 
XCOUT 



T 



TV 



TV 



sz: 



key on wake up(8) 



P3(8) 
1 ' A 1 ' ' ' 






I P2(8) "1 



TV 



Segment output (24) 
SEG 




Common Power 
output supply 
COM 



I/O port P3 



I/O port P2 



I/O portPI 



I/O port PO 



for LCD 



m 
■0 

o 
S 

< 
m 
x 
en 



3 

CO 

o 

S 
w 

I 

X 

X 
X 

Tl 
■D 

3 
w 

o 
3 
■ 

X 

X 
X 

■n 
■0 



MITSUBISHI MICROCOMPUTERS 

M37410E6-XXXFP 

EPROM VERSION of M37410M3-XXXFP.M37410M4-XXXFP 
FUNCTIONS OF M37410E6-XXXFP 



Parameters 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1,us (minimum instructions, at 8MHz of frequency) 


Clock frequency 


8MHz 


Memory size 


EPROM 


12288bytes(Note1) 


RAM 


256bytes 


RAM for display LCD 


12bytes 


Input/Output port 


PO, P1, P2, P3, P5 


I/O 


8-bitX5 


P4 


Input 


4-bitX1 (Port P4 are in common with SEG) 


SEG 


LCD output 


24-bitX1 


COM 


LCD output 


4-bitXl 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX4 


16-bit timerXI (combination of two 8-bit timers) 


LCD controller/driver 


Bias 


1/2, 1/3 bias selectable 


Duty ratio 


1/2, 1/3, 1/4 duty selectable 


Common output 


4 


Segment output 


24(SEG 12 ~SEG 2 3 are in common with port P4) 


Subrotine nesting 


96(max) 


Interrupt 


Three external Interrupts, Three timer interrupts (or two timer, one serial I/O) 


Clock generating circuit 


Two built-in circuit (ceramic or quartz crystal oscillator) 


Operating temperature range 


-20~75°C 


Device structure 


CMOS silicon gate 


Package 


80-pin plastic molded QFP 



Note 1 : The EPROM programming voltage is 21V (equivalent to the M5L27128) 
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PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc 
V ss 


Single-chip 
/EPROM 


Power supply 




Supply 5V±5% to Vcc and OV to V SS - 


CNV SS / 
Vpp 


Single-chip 


CNVss input 


Input 


Connect to V S s- 


EPROM 


Vpp input 


Connect to V PP when programming or verifing. 




Single-chip 


Reset input 


Input 


To reset, keep this input terminal low for more than 16/iS (min) under normal Vcc 
conditions. If more time is needed for the crystal oscillator to stabilize, this "L" con- 
dition should be maintained for the required time. 


RESET 


EPROM 


Reset input 


Connect to OV. 


X|N 


Single-chip 
/EPROM 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control 
generating frequency, an external ceramic or a quartz crystal oscillator is connected 
between the X, N and X ut pins. If an external clock is used, the clock source should 
be connected the X| N pin and the X ut pin should be left open. 


XoUT 


Clock output 


Output 


INT! 


Single-chip 


Interrupt input 


Input 


This is the highest order interrupt input pin. 


EPROM 


Interrupt input 


Input 


Connect to OV. 


P0 ~P0 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output. At reset, this port is set to input mode. The 
output structure is CMOS output. 


EPROM 


Address input A ~A 7 


Input 


PO works as the lower 8 bit address input (A ~A 7 ). 


P1o~P1r 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. 
The output structure is N-channel open drain. 


EPROM 


Address input A 8 ~A 13 


Input 


P1o~P15 works as the higher 6 bit address inputs (A 8 ~A 13 ). 
Connect P1 6 ~P1 7 to V C c- 


P2 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same function as port PO. 
Also all bits are for key on wake up input pins. 


EPROM 


Data input/ 
output D ~D 7 


I/O 


Port P2 works as an 8 bit data bus (D ~D 7 ). 


P3 ~P3 7 


Single-chip 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. 
When serial I/O is used, P3 7> P3 6 , P3 5 and P3 4 work as S RD y, CLK, S ut. and S| N 
pins, respectively. Also P3 3 , P3 2l P3 1( and P3 work as timer 4 overflow signal di- 
vided by 2 output pin (T), INT 2 pin, X C in and X CO ut pins, respectively. 


EPROM 


Input port P3 


Input 


Connect to OV. 


SEG 12 /P4 3 

\ 
SEG 15 /P4 


Single-chip 


Segment output 
/input port P4 


Output 
/Input 


SEGi2~SEGi5 are segment output pins. 
Also these work as input port P4 by 2-bit unit. 


EPROM 


Input port P4 


Input 


Conect to V C c- 


P5 ~P5 7 


Single-chip 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as P1. P5 , P5i, P5 2 
and P5 3 are in common with INT 3 , timer3 input, timer5 input and A-D trigger input, 
respectively. 


EPROM 


Select mode 


Input 


P5 2 , P5i, P5 work as CE, OE and PGM, respectively. Connect to P5 5 ~P5 7 to OV, 
and P5 3 ~P5 4 to Vcc- 
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PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


V L1 ~V L3 


Single-chip 


Voltage input for LCD 


Input 


These are voltage input pins for LCD. Supply voltage as 0V^V L i^Vu2^V L3 ^Vcc- 
0~V L3 V is supplied to LCD. 


EPROM 


Voltage input for LCD 


Input 


Connect to V C c- 


COMo— 
COM 3 


Single-chip 


Common output 


Output 


These are LCD common output pins. 


EPROM 


Common output 


Output 


Connect to V C c- 


SEG ~ 
SEGu 


Single-chip 


Segment output 


Output 


These are LCD segment output pins. 


EPROM 


Segment output 


Output 


Connect to V C c- 


SEG 16 /IN 7 

i 
SEG 23 /IN 


Single-chip 


Segment output 
/analog input 


I/O 


SEG 1 6~SEG23 work as analog input pins IN7 — IN . 

SEGi6~SEG 19 are used by 2-bit unit and SEG 20 ~SEG 2 3 by 4-bit unit. 


EPROM 


Analog input 


Input 


Connect to Vcc- 


AV SS 


Single-chip 


Analog voltage input . 


Input 


GND input pin for the A-D converters. 


EPROM 


Analog voltage input 


Input 


Connect to Vss- 


V REF 


Single-chip 


Reference voltage 
input 


Input 


Referrence input pin for A-D converters. 


EPROM 


Reference voltage 
input 


Input 


Connect to V C c- 
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EPROM MODE 

The M37410E6-XXXFP features an EPROM mode in addi- 



tion to its normal modes. When the RESET signal level is 
low ("L"), the chip automatically enters the EPROM prog- 
ramming mode. Table 1 list the correspondence between 
pins and Figure 1 gives the pin connections in the EPROM 
mode. When in the EPROM mode, ports PO, P1, P2, P5 ~ 
P5 2 , and CNV S s are used for the EPROM (equivalent to the 
M5L27128). When in this mode, the built-in EPROM can be 
written to or read from using these pins in the same way as 
with the M5L27128. The oscillator should be connected to 



the X| N and X Q ut pins, or external clock should be con- 
nected to the X, N pin. 

Table 1 Pin function in EPROM programming mode 



^^-^^_^ 


M37410E6-XXXFP 


M5L27128 - 


Vcc 


Vcc 


Vcc 


Vp P 


CNVss/Vrp 


v PP 


Vss 


Vss 


V ss 


Address input 


Ports PO, P1 ~P1 5 


A ~A 13 


Data I/O 


Port P2 


D ~D 7 


CE 


P5 2 /CE 


CE 


OE 


PS^OE 


OE 


PGM 


P5 /PGM 


PGM 



"-e- 



m • — f • f 



00(30(3(3000(30 (500(50(5(5(3^ 

UlLUliJLllLUliJLUUJLLILlJULl LULUUJIUUJUJLULLI O 

U)_V) WMWW(flt0(0WWMWBWIi)WWfl)O 

it t n 1 1 1 1 1 1 1 1 1 it 1 1 1 1 



(yH>- 



<&>- 



-SEG 19 /IN 4 « 
-SEG 20 /IN 3 - 
-SEG 21 /IN 2 « 

"SEG^/IN^ 

-SEG 23 /IN - 

AV SS 

V REF - 

Vcc 

P5 7 /PWM3 - 

P5 6 /PWM2 - 

P5 5 /PWM1 - 

P5 4 /PWM0 «• 

P5 3 /SIG < 

CcT) P5 2 /CNT 2 /CE < 

dD ps^cnt voe « 

(^>— P5 / 1 N T 3 / PGM « 
P37/Srdy * 

P3 6 /CLK « 

P3 5 /Sout " 
— = P3 4 /S, N < 




\ \ t -I t t t i tttlitjttl 



n 5? "o 
Q. a- co 



i- z t; SSirJ? 



$x o>(LE <<<< 



£0=3 

ooS2 
o 00 



?«««<<<< 



Ur° 



O • same functions as M5L27128 



Fig.l Pin connection in EPROM programming mode 
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EPROM READING, WRITING AND 

ERASING 

Reading 

To read the EPROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A ~A 13 ) to be read and the data will be output to the 
I/O pins D ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing _ 

To write to the EPROM, set the CE pin to a "L" level and 
the OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A ~A 13l and the data to 
be written is input to pins D ~ D 7 . Set the PGM pin to a "L" 
level to begin writing. 



NOTES ON HANDLING 

Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. 



Table 2 I/O signal in each mode 



~~~~--— ^__ Pin 

Mode """"" - — ________ 


CE(14) 


OE(15) 


PGM(16) 


V PP (26) 


V cc (8) 


Data I/O 
(23-54) 


Read-out 


v 1L 


V IL 


V, H 


Vcc 


Vcc 


Output 


Programming 


v, L 


V,H 


Pulse(V, H — V, L ) 


Vp P 


Vcc 


Input 


Programming verify 


V, L 


v IL 


V, H 


Vp P 


Vcc 


Output 


Program disable 


V IH 


X 


X 


v PP 


Vcc 


Floating 



Note 1 
2 



V| L and V| H indicate a "L" and "H" input voltage, respectively. 
An X indicates either V, L or V| H . 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3~ 7 


V 


v. 


LCD supply V L1 ~V L3 


V L i<V L2 <V L3 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage P0 ~P0 7 , P2 ~P2 7 , P3 0l P3 1( P4 ~P4 3 
INo~IN 7 , V REF ,X IN 




-0. 3~Vcc+0. 3 


V 


v, 


Input voltage CNV SS , (Note 1 ) 




-0. 3- 7 


V 


v, 


Input voltage INT^ RESET, P1 ~P17, P3 2 ~P3 7 , P5 ~P5 7 




-0.3—10 


V 


Vo 


Output voltage P0 ~P0 7 , P2 ~P2 7 , P3 , P3i 

COM ~COM 3 , SEG ~SEG 23 , X 0U t 




-0. 3-V cc +0. 3 


V 


V 


Output voltage P1 ~P1 7 , P3 2 ~P3 7 , P5 ~P5 7 




-0.3—10 


V 


Pd 


Power dissipation 


T a = 25°C 


300 


mW 


Topr 


Operating temperature 




-20—75 


°C 


Tstg 


Storage temperature 




-40—125, 


°C 



Note 1 : In EPROM programming mode, CNV SS is 22. OV 



RECOMMENDED OPERATING CONDITIONS (V CC =5V±5%, ^=-10-7510, unless otherwise noted) 



Note 2 '- When only maintaining the RAM data, minimum value of V C c is 2V. 

3 : When P3 is X CIN mode, the limits of V, H of P3t is 0. 85V C c^V|h^V C c, O^V, l ^0. 15V CC - 

4 : Total of loH(peak) of Ports P0, P2 and X OU t is less than 35mA. 

5 : Total of loL(peak) ° f Ports P0, P2, P3 and P5 is less than 32mA. 

6 '- Total of loL(peak) of P" 1 is less than 80mA. 

Total of l L(avg.) of P1 is less than 40mA. 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage (Note 2) 




4.75 


5 


5.25 


V 


Vss 


Supply voltage 











V 


V, H 


"H" input voltage P0 ~P0 7 , P3 , P3l P4 ~P4 3 , 
X| N ,CN V ss (Note 3) 




0. 7V CC 




Vcc 


V 


V,H 


"H" input voltage P2 ~P2 7 




0. 8V CC 




Vcc 


V 


V,H 


"H" input voltage P1 ~P1 7 , P3 3 ~P3 7 , P5i~P5 7 , S, N 




0. 7V CC 




10 


V 


V,H 


"H" input voltage P5 , INTl INT 2 , INT 3 , P3 2 ~P3 7 , 
CNTl CNT 2 , sig, clk 




0. 8V CC 




10 


V 


V, H 


"H" input voltage RESET, X C in 




0.85V CC 




10 


V 


v, L 


"L" input voltage P0 ~P0 7 , P1 ~P1 7 , P3 , P3 1 
P4 ~P4 3 , P5 1 ~P5 7 , Sin 









0. 3V CC 


V 


V, L 


"L" input voltage P2 ~P2 7 , P3 2 ~P3 7 , P5 , INT 1f INT 2 , 
INT 3 , CNTl CNT 2 , SIG, CLK 









0. 2V CC 


V 


V IL 


"L" input voltage RESET, X| N , X C in 









0.15V CC 


V 


'oh 


"H" output current P0 ~P0 7 , P2 ~P2 7 , X OU t 








-1 


mA 


l0L 


"L" output current P0 ~P0 7 , P2 ~P2 7 , P3 ~P3 7 , 

P5 ~P5 7( Xout. PWM ~PWM 3 , T, 
Sout. CLK, S^dy, SIG (Note 5) 








1 


mA 


ICL 


"L" output current P1 ~P1 7 (Note 6) 


V cc =4. 75-5. 25V 






20 


mA 


f(x IN ) 


Clock input oscillating frequency 




0.2 






MHz 


f(X C IN) 


Clock oscillating frequency for clock function 




30 




50 


kHz 
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Symbol 










Limits 


Unit 






Mi'n. 


Typ. 


Max. 


Vqh 


"H" output voltage P0 o ~P0 7> P2 ~P2 7 


V C c=5V, l OH = -0.5mA 


4 






V 


Voh 


"H" output voltage X ut 


V C c=5V, l OH =-0.3mA 


4 






V 


Vol 


"L" output voltage P0 ~P0 7l P2 ~P2 7l P3 ~P3 7 , 
P5 ~P5 7 , T, Sout, CLK, S^dy 
SIG, PWM0-PWM3 


V CC =5V 






1 


V 


Vol 


"L" output voltage P1 ~P1 7 


V C c=5V, l OL =20mA 






■2 


V 


Vol 


"L" output voltage X ut 


V CC =5V, l OL =0. 3mA 






1 


V 


V t +-V t - 


Hysteresis INT,, INT 2) INT 3 , CLK, CNT, 

CNT 2> SIG, S| N , P2 ~P2 7 , Xcin 


V CC =5V 




0.7 




V 


V t +-V t _ 


Hysteresis RESET 


V C c=5V 




2 




V 


V t +-V t - 


Hysteresis X, N 


V CC =5V 




0.5 




V 


I.l 


"L" input current |P0 o ~P0 7 , P1 ~P1 7 , P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 3 , P5 ~P5 7 | 
Without pull-up T r .( Note 1 ) 
IN ~IN 7 , INT,, RESET, X, n 


Vcc=5V 
V,=0V 






-5 


juA 


Iih 


"H" input current P0 ~P0 7 , P2 ~P2 7 , P3 , P3, 
P4 ~P4 7 , IN ~IN 7 
Xin> Xcin. CNVss 


V CC =5V 
V,=5V 






5 


MA 


Iim 


"H" input current (P1 ~P17, P3 ~P3 7 , P5 ~P5 7 | 
Without pull-up T r . 
INTl INT 2 , INT3, CNTi, CNT 2 


V,=10V 






10 


,uA 


SIG, RESET, Sin, CLK 


R PL 


Pull-up T r P0 ~P0 7 , P1 ~P17, 
P2 ~P2 7 , P3 ~P3 7 , 
P4 ~P4 3 , P5 ~P5 7 


V CC : =5V, V,=0V 


35 


70 


140 


kn 


RcOM 


Output impedance COM ~COM 3 


V L i=V C c/3 

V L 2=2V L1 , 

Vl3 V C c 

Other COM, SEG 

pins are opend 


V CC =5V 




200 




n 


Rs 


Output impedance SEG ~SEG2 3 


V CC =5V 




2 




kO 


Ice 


Supply current 


at operation 


f(X, N )=8MHz High-speed mode V CC =5V 




6 




mA 


f(Xci N )=32kHz, V CC =3V 




18 




./uA 


at wait state 


f(X, N )=32kHz, V CC =5V 




4 




at stop state 


V C c=5V,all clock stop. | T a =25°C 




0.1 




Vram 


RAM retention voltage 




2 




5.25 


V 



Note 1 : Also the same as when each pin is used as INT 2 , INT 3 , CNT1, CNT2, SIG, S, N and X )N , respectively. 
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DESCRIPITION 

The M37450E4-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip 
are simiar to those of the M37450M4-XXXSP except that 
this chip has a 65536-bit (8192 words X 8 bits) EPROM 
built-in. This single-chip microcomputer is useful for office 
automation appliances and consumer appliance controllers. 
In addition to its simple instruction sets, the EPROM, RAM 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose EPROM 
writes can be used for small quantity production runs. It 
also has a unique feature that enables it to be used as a 
slave microcomputer. 

The M37450E4SS and the M37450E4FS are the window 
type. The differences between the M37450E4-XXXSP and 
the M37450E4-XXXFP, and between the M37450E4SS and 
the M37450E4FS are the package outline and the power 
dissipation ability (absolute maximum ratings). 

DISTINCTIVE FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions + 2 multiply/divide in- 
structions 

• Memory size EPROM 8192 bytes 

RAM 256 bytes 

• Instruction execution time 

(shortest instruction at 10 MHz) ••■ 0.8ms (min.) 

• Single power supply • 5V±5% 

• Power dissipation normal operation mode 

(at 10 MHz frequency) 30mW 

• Subroutine nesting 96 levels max. 

• Interrupts 15 events 

• Master CPU bus interface 1 byte 

• 16-bit timer • • -3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output (8-bit or 16-bit) •••• 1 

• Programmble I/O 

(Ports P0, P1, P2, P3, P5, P6) 48 

• Input (Port P4) ••••' • 3 (DIP), 8 (QFP) 

• Output (Port D-A 1( D-A 2 ) ;2 

• EPROM (equivalent to the M5L2764) 

program voltage 21V 

APPLICATION 

Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines 



PIN 


CONFIGURATION (TOP VIEW) 




P3 7 /W — H 


\U 


E v cc 




P3 6 /S CL k~E 




H AV SS 


I/O port 


P3 5 /TxD — [T 
P3 4 /RxD — [7 




62] «- v ref Reference 
ZZ voltage input 
10— D-An 

60l-D-A 2 i D - Aoutput 


P3 


P3 3 /PWM ut~[I 






P3 2 /EV 3 «-|7 




U — PVANrj | 




P^/EVz**!! 




58]*-P4 1 /AN 1 '"Put 




PSo/EVt^E 




— , port P4 
57| — P4 2 /AN 2 I 




P5 7 /DB 7 <-[T 




U — P0 /A 






P5 6 /DB 6 — [To 




U— Pd/Ai 






P5 5 /DB 5 — m 




54] *♦ P0 2 /A 2 




I/O port 


P5 4 /DB 4 — El 




I— P0 3 /A 3 


I/O port 


P5 


P5 3 /DB 3 — [n 


2 

CO 


H — PO4/A4 


P0 




P5 2 /DB 2 /CE — [J4 


s 2 


10 — P0 5 /A 5 






PS^DB^OE-w-Ol 


3 s 


50] — P0 6 /A 6 






P5 /DB /PGM-^Il6 


isE 


U ** P0 7 /A 7 




P6 7 /W — [n 


0^1 
m x 


U— P1 /A 8 






P6 6 /R — m 


# >< 


U++PVA9 






P65/CS — IH 


w 00 


U— P1 2 /A 10 




I/O port 


P64/AO — |5 


"U 


U— P1 3 /A n 


I/O port 


P6 


P6 3 /Pp^ — E 
P6 2 /INT 3 ^H 
PB^INTz**!!! 




44]— PVA12 
U— P1 5 /A 13 
iU^PIe/Au 


P1 


Read/Write P6„/INT,-| 




I0~PVA 15 




status output R/W «- [25 




H-** P2 /D 




Synchronous signal $YNC ■*— [26 

output z: 

CNVssA/pp — [27 




I]— P2 1 /D 1 
H— P2 2 /D 2 




Reset input r E sET-»-[28 




H— P2 3 /D 3 


I/O port 


Clock Input X| N -*[29 




I] — P2 4 /D 4 


P2 


Clock output Xqut *~~ HH 




1] «w P2 5 /D 5 




Timing output 4> *~ HI 




U— P2 6 /D 6 




v ss m] 

Outlir 




H — P2 7 /D 7 




„ 64P4B( 
16 64S1B0 


OTP) 
Window) 




O ^^c 


?;"SSS8>">"S?^> 


Z 0. 0. C 


L£LQ.Q->><<<QQQQ- 
4 4 4 1 1 ♦ 4 1 




HfTiiN^i itsiiwirihi RRmmm 




NC E 
P3,/EV 2 — E 


O 


O 


m]— P4,/AN, 
£] — P4 2 /AN 2 


P30/EV,— E 






E — P4 3 /AN 3 


P5 7 /DB 7 — E 






ID — P4 4 /AN 4 


P5 6 /DB 6 — E 






H]-P4 5 /AN 5 


P5 5 /DB 5 — E 




2 


1]— P4 6 /AN 6 


P5 4 /DB 4 - E 




1] — P4 7 /AN 7 


P5 3 /DB3**E 




CO 

E 2 


ID — P0 /A 


P5 2 /DB 2 /CE — E 




g—PCVA, 


P5,/DB,/OE— QI 




CO oi 


ID ** P0 2 /A 2 


P5 /DB /PGM— E 1 




So 2 


El ** PO3/A3 


P6 7 /W — m 




5D**P0 4 /A 4 


P6,j/R— E 




o-« T 


ID — P0 5 /A 5 


P6 5 /CS — E 4 




E b 


El— P0 6 /A 6 


P64/AO — QE 




5 b 


5D**P0 7 /A 7 


P6 3 /Prdy*--0I 




00 x 


iD—Pio/A 8 


P6 2 /INT 3 — E 




m 


«]— P1,/A 9 


p6,/int 2 — E 3 




"O 


iD— P1 2 /A l0 


pGo/int,— E 






U^PVA,, 


WR— E 






fD— P1 4 /A 12 


RD*-E 






fD— P1 5 /A l3 


R/W— E 


O 




4D**P1 6 /A, 4 


. SYNC— E 




iD — pi 7 /a 15 


RESET OUT *-ll 




lD 'NC 




y y y y y ^ [31] (Hi 1H1 1211 125] |36] |37J IHJ IH1 112J 




t t 


ti i mm it 


*lfcj ° 


,| ^ O "^ jg £ £ g Q Q Q Q Q 


^ « 2 




||g 


0.0.0.0.0.0-0.0- 


z 



80P6(OTP) 


Outlin 


e 80S6 (Window) ^^on 
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FUNCTIONS OF 


M37450E4-XXXSP/FP, M37450E4SS/FS 


Parameter 


Functions 


Number of basic instructions 


71(69 MELPS 740 basic instructions+2) 


Instruction execution time 


0. 8/us (minimum instructions, at 10MHz of frequency) 


Clock frequency 


10MHz (max.) 


Memory size 


EPROM 


8192 bytes 


RAM 


256 bytes 


Input/Output port 


P0-P3, P5, P6 


I/O 


8-bitX6 


P4 


Input 


3-bitXl (8-bitXl for 80-pin model) 


D-A 


Output 


2-bitXl 


Serial I/O 


UART or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer (Serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels (8 channels for 80-pin model) 


D-A converter 


8-bitX2 channels 


Pulse width modulator 


8-bit or 16-bitX1 


Data bus buffer 


1-byte input and output each 


Subroutine nesting 


96-levels 


Interrupts 


6 external interrupts, 8 internal interrupts 
One software interrupt 


Clock generating circuit 


Built-in (ceramic or quarts crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


30mW (at 10MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA(max.) 


Memory expansion 


Possible 


Operating temperature range 


-10~70°C 


Device structure 


CMOS silicon gate 


Package 


M37450E4-XXXSP 


64-pin shrink plastic molded DIP 


M37450E4-XXXFP 


80-pin plastic molded QFP 


M37450E4SS 


64-pin shrink ceramic DIP 


M37450E4FS 


80-pin ceramic QFP 
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PIN DESCRIPTION (normal operation mode) 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc 
Vss 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V S s. 


CNVss/Vpp 


CNVss 




Controls the processor mode of the chip. Normally connected to V S s or Vcc- 




Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2/us (under normal Vcc 
conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main- 
tained for the required time. 


RESET 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X ut pins. If an external clock is used, the clock 
source should be connected to the X iN pin and the Xout pin should be left open. 


XoUT 


Clock output 


Output 





Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four. 


SYNC 


Synchronous 
signal output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs. 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus. It is "H" during read and "L" during write. 


P0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. 


P1o~P1 7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO. The high-order bits of the 
address are output except in single-chip mode. 


P2 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. Used as data bus except in 
single-chip mode. 


P3 ~P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. Serial I/O, PWM output, or 
event I/O function can be selected with a program. 


P4 ~P4 2 
(P4 ~P4 7 ) 


Input port P4 


Input 


Analog input pin for the A-D converter. The 64-pin model has three pins and the 80-pin model has eight 
pins. They may also be used as digital input pins. 


P5 ~P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO. This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program. 


P6o~P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as port PO. Pins P63~P6 7 change to a con- 
trol bus for the master CPU when slave mode is selected with a program. Pins P6o~P62 may be program- 
med as external interrupt input pins. 


D-Al D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output. 


v REF 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter. This pin is for 64-pin model only. 


ADV REF 


A-D reference 
voltage input 


Input 


Reference voltage input pin for A-D converter. This pin is for 80-pin model only. 


DAV REF 


D-A reference 
voltage input 


Input 


Reference voltage input pin for D-A converter. This pin is for 80-pin model only. 


AV SS 


Analog power supply 


i 


Ground level input pin for A-D and D-A converter. Same voltage as Vss is applied. 


AVcc 


Analog power supply 




Power supply input pin for A-D converter. This pin is for 80-pin model only. Same voltage as V C c is applied. 
In the case of the 64-pin model, AV C c is connected to V C c internally. 
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PIN DESCRIPTION (normal operation mode) 


Pin 


Name 


Input/ 
Output 


Functions 


RD 


Read signal 
output 


Output 


Control signal output as active "L" when valid data is read from data bus. This pin is for 80-pin model only. 


WR 


Write signal 
output 


Output 


Control signal output as active "L" when writing data from data bus to external component. This pin is for 
80-pin model only. 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset. It is used as a reset output signal for peripheral compo- 
nents. This pin is for 80-pin modelonly. 
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PIN DESCRIPTION (EPROM mode) 


Pin 


Name 


Input/ 
Output 


Functions 


Vcc. V ss 


Supply voltage 




Power supply inputs 5V±5% to Vcc- and OV to V S s. 


CNVss/Vpp 


v PP 


Input 


Connect to V PP when programming or verifing. 




Reset input 


Input 


Connect to V S s 


RESET 


X|N 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X| N and X ut for clock oscillation. 


XoUT 


Clock output 


Output 


4> 


Timing output 


Output 


For timing output 


SYNC 


Synchronous 
signal output 


Output 


Kept to open ("L" signal is output). - 


R/W 


Read/Write 
status output 


Output 


Kept to open ("H" signal is output). 


P0 ~P0 7 


I/O port PO 


Input 


PO works as the lower 8-bit address input. 


P1o~P1 7 


I/O port P1 


Input 


P1 works as the higher 8-bit address input. 


P2 ~P2 7 


I/O port P2 


I/O 


P2 works as an 8-bit data bus. 


P3 ~P3 7 


I/O port P3 


Input 


Connect to y S s - 


P4 ~P4 2 


Input port P4 


Input 


Connect to Vss 


P5 ~P5 7 


I/O port P5 


Input 


P5o, P5i, P5 2 works as PGM, OE, and CE inputs respectively. Connect P5 3 and P5 4 to Vcc and P5 5 ~P57 to 
Vss- 


P6 ~P6 7 


I/O port P6 


Input 


Connect to V S s- 


v REF 


Reference voltage 
input 


Input 


Connect to V S s- 


7\DV REF 


A-D reference 
voltage input 


Input 


Connect to V S s. 


DAV REF 


D-A reference 
voltage input 


Input 


Connect to V S s- 


AV SS 


Analog power 


Input 


Connect to V S s- 


AVcc 


Analog power 


Input 


Connect to V S s- 


RD 


Read signal output 


Output 


Kept to open ("H" signal is output) 


WR 


Write signal 
output 


Output 


Kept to open ("H" signal is output) 


RESETqut 


Reset output 


Output 


Kept to open ("H" signal is output) 
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EPROM MODE 

The M37450E4-XXXSP/FP, M37450E4SS/FS features an 
EPROM mode in addition to its normal modes. When the 



Table 1 Pin function in EPROM programming mode 



RESET signal level is low ("L") and CNV S s/Vp P signal level 
is high ("H") , the chip automatically enters the EPROM 
programming mode. Table 1 list the correspondence be- 
tween pins and Figure 1 and Figure 2 give the pin connec- 
tions in the EPROM mode. When in the EPROM mode, 
ports PO, P1, P2, P5 ~P5 2 and CNV SS are used for the 
EPROM (equivalent to the M5L2764). When in this mode, 
the built-in EPROM can be written to or read from using 
these pins in the same way as with the M5L2764. The 
oscillator should be connected to the X, N and X Q ut pins, or 
external clock should be connected to the X iN pin. 





M37450E4-XXXSP/FP, 
M37450E4SS/FS 


M5L2764 


Vcc 


Vcc 


Vcc 


V P p 


^ CNV ss A/pp 


v PP 


Vss 


Vss 


Vss 


Address input 


Ports PO, P1 ~P1 4 


A ~A 12 


Data I/O 


Port P2 


D ~D 7 


CE 


P5 2 /DB 2 /CE 


CE 


OE 


PS^DB^OE 


OE 


PGM 


P5 /DB /PGM 


PGM 



Vcc 

-e- 



Ceramic oscillating circuit \ 



P37/Srdy ■*"*" Li_ 
P36/Sclk ** LL 

P3 5 /TxD-"U 

P3 4 /RxD-~[± 

- P3 3 /PWMout^II 

P3 2 /EV 3 ~[I 

P3 1 /EV 2 *>[7 

P30/EV! «- U 

P5 7 /DB 7 **E 

P5 6 /DB 6 ~[To 

P5 5 /DB 5 **[lI 

— P5 4 /DB 4 ^[iI 

P5 3 /DB 3 **[iI 

— P5 2 /DB 2 /CE**0i 
— PS^DB^OE^Ill 
-P5 /DB /PGM**[T1 
P6 7 /W«-[n 

P6 6 /R ++ m 

P65/CS +* d 

P6 4 /A0~[20 

— p6 3 /p^— m 

P6 2 /INT 3 ~H 

P60/INT!**!! 

R/W<-[! 
SYNC^H 

: CNVss/Vpp — W. 

RESET — H 

x lN -H 

XoUT^H 

.*«-ni 

v ss H 



2 


K 


GO 


GO 


-4 


■>J 


.&. 


■U 


01 


cji 








m 


m 


.&. -1 


-fe. 


X 
X 


CO 
CO 


X 




CO 




■u 





64) 

H 
1. 

ID- 

60]- 

1. 

m> 

55]* 

1. 

m< 

5o]« 
49] « 

3. 

46]* 

1- 

44]« 

1- 

1. 
ID- 

40j -* 

1- 

38]* 
35]« 

a* 



Vcc 

AV SS 

■ V REF — 
•D-A! 
>D-A 2 

- P4 /AN - 

- P4 1 /AN 1 - 

■ P4 2 /AN 2 - 

■ PO0/A0 — 

■ POi/A, — 

- P0 2 /A 2 — 

• P0 3 /A 3 — 

- P0 4 /A 4 — 
' P0 5 /A 5 — 

- P0 6 /A 6 — 

■ P0 7 /A 7 — 
■PVA 8 — 
■PVA 9 — 
•P1 2 /A 10 - 
■PI3/A11 - 
■PI4/A12- 
■P1 5 /A, 3 - 
•P1 6 /Ai 4 - 
•PI7/A15- 
•P2 /D — 

• P2 1 /D 1 — 
•P2 2 /D 2 — 

• P2 3 /D 3 — 
•P2 4 /D 4 — 

• P2 5 /D 5 — 

• P2 6 /D 6 - 

• P2 7 /D 7 - 



Vss 



(^) : Same functions as M5L2764. 



~(Dg) 

~© 

-© 
-© 

-© 
-© 
-© 

"© 



-e-vcc 



Fig. 1 Pin connection in EPROM programming mode (64-pin model) 
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Vss V cc 



r 

Vss 



« ^ Q Q *| □ 

> > X X O DC 

UJ CL CC H WICO 

O CO CO CO CO CO CO 



1r 



^ = .- cn < 

OUW>><<^, 
_ w v , w w O > > Q < ' ' ^f 

ZQ.a.Q.D.ai>X<<QQQQ. 1 

I I I I I I JMM 

HRNf^1R^RF1Fi1Fi1N^][i1[i7](^|ii1 



vcc-e- 




t t t I 1 I I I I I I I I 



HO ? t; O * 



WQQQQQQQQ 



777 6 6 . . 

V PP V ss Ceramic V ss (q)©©@@@©@ 
oscillating 
circuit 

£) : Same functions as M5L2764. 



Fig. 2 Pin connection in EPROM programming mode (80-pin model) 
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EPROM READING, WRITING AND 

ERASING 

Reading 

To read the EPROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (A ~A 12 ) to be read and the data will be output to the 
I/O pins D ~D 7 . The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 

To write to the EPROM, set the CE pin to a "L" level and 
the OE pin to a "H" level. The CPU will enter the program 
mode when V PP is applied to the V PP pin. The address to 
be written to is selected with pins A ~A 12 , and the data to 
be written is input to pins D ~D 7 . Set the PGM pin to a "L" 
level to begin writing. 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. 



Erasing 

Data can only erased on the M37450E4SS/FS ceramic 
package, which includes a window. To erase data on this 
chip, use an ultraviolet light source with a 2537 Angstrom 
wave length. The minimum radiation power necessary for 
erasing is 15W*s/cm 2 . 

Table 2 I/O signal in each mode 



~~~~ -—-— . ____^ Pin 

Mode ~~~~~—- — ______ 


CE 


OE 


PGM 


Vpp 


Vcc 


Port P2 


Read-out 


V, L 


v IL 


V, H 


Vcc 


V C c 


Output 


Programming 


V, L 


V, H 


Pulse(V 1H ^V IL ) 


Vpp 


Vcc 


Input 


Programming verify 


V, L 


V IL 


V 1H 


Vpp 


Vcc 


Output 


Program disable 


V 1H 


X 


X 


V P p 


Vcc 


Floating 



Note 1 " V| L and V, H indicate a "L" and "H" input voltage, respectively. 
2 : An X indicates either V| L or V| H . 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to Vss 
Output transistors are 
at "OFF" state. 


-0.3—7 


V 


v, 


Input voltage RESET, X| N 


—0. 3— 7 


V 


v, 


Input voltage P0 ~P0 7 , P1 ~P17. P2 ~P2 7 , 
P3 ~P3 7 , P4 ~P4 7l P5 ~P5 7 
P6o~P6 7 , ADVref, DAV REFp 
Vref, AV cc 


-0. 3— V cc +0. 3 


V 


v, 


Input voltage CNV S s 


-0.3-13 


V 


Vo 


Output voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 , 
P3o~P3 7 , P5o~P5 7( P6o~P6 7l 
Xout> 4>, RD, WR, R/W, 
RESETout. SYNC 


-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 (Note 1) 


mW 


Topr 


Operating temperature 




-10-70 


°C 


Tstg 


Storage temperature 




-40—125 


°C 



Note 1 : 500mW for QFP type. 



RECOMMENDED OPERATING 



CONDITIONS 

(Vcc=5V±5%, Ta=-10- 



70°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Norn. 


Max. 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


V ss 


Supply voltage 









V 


V, H 


"H" Input voltage RESET, X| N , CNV SS (Note 2) 


0. 8V C c 




Vcc 


V 


V, H 


"H" Input voltage P0 ~P0 7 , P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 (except Note 2) 


2.0 




V C c 


V 


V IL 


"L" Input voltage CNV SS (Note 2) 







0. 2V CC 


V 


v IL 


"L" Input voltage P0 ~P0 7 , P1 ~ PI7. P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7l P5 ~P5 7 
P6 ~P6 7 (except Note 2) 







0.8 


V 


V,u 


"L" Input voltage RESET 







0.1 2 Vcc 


V 


V,u 


"L" Input voltage X| N 







0.1 6 Vcc 


V 


'oL(peak) 


"L" peak output current POo~P0 7 , P1 ~P17 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7) P6 ~P6 7 






10 


mA 


'ouavg) 


"L" average output current P0 ~P0 7 , P1 ~P17 
P2 ~P2 7 , P3 ~P3 7 
P5o~P5 7 , P6 ~P6 7 (Note 3) 






5 


mA 


'oH(peak) 


"H" peak output current P0 o ~P0 7 , P1 ~P1 7 
P2 ~P2 7 , P3 -P3 7 
P5 ~P5 7 , P6 ~P6 7 ' 






-10 


mA 


'oH(avg) 


"H" average output current P0 ~P0 7 , P1 ~P17 
P2 ~P2 7 , P3 ~P3 7 
P5 ~P5 7 , P6 ~P6 7 (Note 3) 






-5 


mA 


f(x IN ) 


Clock oscillating frequency 


1 




10 


MHz 



Note 2 : Ports operate as INT 1 ~INT 3 (P6 ~P6 2 ) 1 EV 1 ~EV 3 (P3o~P3 2 ), R X D(P3 4 ) and S CL k(P3 6 ) 
Note 3 : The average output current loH(avg) a "d loL(avg) are the average value during a 100ms. 
Note 4 '. The total of "L" output current loupeak) of port P0, P1 and P2 is less than 40mA. 

The total of "H" output current loH(peak) of P ort p0 - p1 and p2 _i s less tnan 40mA. 

The total of "L" output current loupeak) of port P3, P5, P6, R/W SYNC, RESET OU t. RD- WR and <f> 

is less than 40mA. 

The total of "H" output current l H(peak) of port P3, P5, P6, R/W SYNC, RESET OU t. RD, WR and 
4> is less than 40mA. 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±5%, V ss = OV, T a = -10~70°C, f(X IN ) = IOMHz, unless otherwise noted). 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


VqH 


"H" output voltage RD, WR, R/W, SYNC, RESETout, 


Ioh=— 2mA 


Vcc-1 






V 


VoH 


"H" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 


Ioh=— 5mA 


Vcc-1 






V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P5 ~P5 7 , P6 ~P6 7 
RD, WR, R/W, SYNC, RESET ut, 4> 


l 0L =2mA 






0.45 


V 


Vol 


"L" output voltage P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3o~P3 7 , P5o~P5 7 , P6 ~P6 7 


l L = 5mA 






1 


V 


V T +-V T _ 


Hysterisis INT 1 ~INT 3 (P6 ~P6 2 ), EVi~EV 3 (P3 ~P3 2 ), 
R X D(P3 4 ), S C lk(P3 6 ) 


Function input level 


0.3 




1 


V 


V t +-V t - 


Hysterisis RESET 








0.7 


V 


V t +-V t _ 


Hysterisis X| N 




0.1 




0.5 


V 


Iil 


"L" input current P0 ~P0 7 , P1 ~P1 7 , P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 , RESET, X, N 


V|=V SS 


-5 




5 


vA 


l,H 


"H" input current P0 ~P0 7| P1 ~P17, P2 ~P2 7 
P3 ~P3 7 , P4 ~P4 7 , P5 ~P5 7 
P6 ~P6 7 , RESET, X, N 


V|=V CC 


-5 




5 


MA 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


Ice 


Supply current 


At system operation 
f(X, N ) = 10MHz 




6 


10 


mA 


At stop mode (Note 5) 




1 


10 


juA 



Note 5 : Th 
to 



e terminals RD, WR, R/W, SYNC, RESET OU t. <P, D-At and D-A 2 are all open. The other ports, which are in the input mode, are connected 
V ss . A-D converter is in the A-D completion state. The current through ADV REF and DAV REF is not included(Fig.6). 



A-D CONVERTER CHARACTERISTICS 



(Vcc = AV CC = 5V, V ss = AV ss = 0V, T a = 25"C, !(X, N )=10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 








8 


Bits 


- 


Absolute accuracy 


V C c=AVcc=ADV REF =5. 12V 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








49 


, t c (0) 


V, A 


Analog input voltage 




AV SS 




AV CC 


V 


Vadvref 


Reference input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF =5V 


2 


7.5 


10 


kf2 


'lADVREF 


Reference input current 


ADV REF =5V 


0.5 


0.7 


2.5 


mA 


Vavcc 


Analog power supply input voltage 






Vcc 




V 


Vavss 


Analog power supply input voltage 











V 



D-A CONVERTER CHARACTERISTICS (Vcc = 5V, V ss = AV SS = 0V, T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


- 


Resolution 








8 


Bits 


- 


Abusolute accuracy 


V CC =DAV REF =5.12V 






1.0 


% 


tsu 


Setup time 








3 


MS 


Ro 


Output resistance 




1 


2 


4 


kn 


Vavss 


Analog power supply input voltage 











V 


Vqavref 


Reference input voltage 




4 




Vcc 


V 


I DAVREF 


Reference power input current 







2.5 


5 


mA 
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TIMING REQUIREMENTS 
Port/single-chip mode (v cc =5v±5%, v ss =ov, T a = 



-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(POD— <t>) 


Port PO input setup time 


Fig. 3 


200 






ns 


tsu(PiD— 0) 


Port P1 input setup time 


200 






ns 


tsu(P2D— <f>) 


Port P2 input setup time 


200 






ns 


tsil(P3D— <t>) 


Port P3 input setup time 


200 






ns 


tsii(P4D— <t>) 


Port P4 input setup time 


200 






ns 


*SU(P5D— <t>) 


Port P5 input setup time 


200 






ns 


*SU(P6D— </>) 


Port P6 input setup time 


200 






ns 


*h(0— POD) 


Port PO input hold time 


40 






ns 


*h(0— pid) 


Port P1 input hold time 


40 






ns 


th(0-P2D) 


Port P2 input hold time 


40 






ns 


thC?*— P3D) 


Port P3 input hold time 


40 






ns 


th(<*— P4D) 


Port P4 input hold time 


40 






ns 


th(9i— P5D) 


Port P5 input hold time 


40 






ns 


th(<*— P6D) 


Port P6 input hold time 


40 






ns 


tc(X, N ) 


External clock input cycle time 


100 




1000 


ns 


tw(X|fgL) 


External clock input "L" pulse width 


30 






ns 


tw(XirgH) 


External clock input "H" pulse width 


30 






ns 


t r (X, N ) 


External clock rising edge time 






20 


ns 


tf(X IN ) 


External clock falling edge time 






20 


ns 



Master CPU bus interface timing (R and W separation type mode) 







(V CC =5V±5%, V ss =0V, T 


a =-10~ 


70°C, unless otherwise noted) 


Symbol 


Parameter 


. Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(cs— R) 


CS setup time 


Fig. 3 









ns 


tsiKcs— w) 


CS setup time 









ns 


th(R— cs) 


CS hold time 









ns 


th(w— cs) 


CS hold time 









ns 


tsu(A-p.) 


A setup time 


40 






ns 


tsil(A— W) 


Ao setup time 


40 






ns 


th(R-A) 


Ao hold time 


10 






ns 


th(w— A) 


A hold time 


10 






ns 


tw(R) 


Read pulse width 


160 






ns 


tw(w) 


Write pulse width 


160 






ns 


tsU(D — W) 


Date input setup time before write 


100 






ns 


th(w— D) 


Date input hold time after write 


10 






ns 



Master CPU bus interface timing (R/W type mode) 







(V CC =5V±5%, V ss =0V, T 


a =-10~ 


70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsu(cs-E) 


CS setup time 


Fig. 4 









ns 


th(E-cs) 


CS hold time 









ns 


tsu(A-E) 


Ao setup time 


40 






ns 


th(E-A) 


A hold time 


10 






ns 


tsil(RW— E) 


R/W setup time 


40 






ns 


th(E — RW) 


R/W hold time 


10 






ns 


tw(EL) 


Enable clock "L" pulse width 


160 






ns 


tw(EH) 


Enable clock "H" pulse width 


160 






ns 


*r(E) 


Enable clock rising edge time 






25 


ns 


tf(E) 


Enable clock falling edge time 






25 


ns 


tsU(D— E) 


Data input setup time before write 


100 






ns 


th(E-D) 


Data input hold time after write 


10 






ns 
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Local bus/memory expansion mode, microprocessor mode 

(V C c=5V±5%, V ss =0V, T a =-10~70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


*su(d-*) 


Data input setup time 


Fig. 5 


130 






ns 


th(*-D) 


Data input hold time 









ns 


*SU(D — RD) 


Data input setup time 


130 






ns 


th(RD— D) 


Data input hold time 









ns 
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EPROM VERSION of M37450M4-XXXSP/FP 



SWITCHING CHARACTERISTICS 
Port/single-chip mode (v cc =5v±5%,v S s=ov I T a = 



-10~70°C, unless otherwise noted) 



Symbol . 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tcktf— POQ) 


Port PO data output delay time 


Fig. 3 






200 


ns 


*d(?>-piQ) 


Port P1 data output delay time 






200 


ns 


td(9i-P2Q) 


Port P2 data output delay time. 






200 


ns 


td(<ft— P3Q) 


Port P3 data output delay time 






200 


ns 


td(?S— P5Q) 


Port P5 data output delay time 






200 


ns 


td(<A— P6Q) 


Port P6 data output delay time 






200 


ns 


tc<«0 


Cycle time 


400 




4000 


ns 


tw(<6H) 


<t> clock pulse width ("H" level) 


190 






ns 


tw(0L) 


4> clock pulse width ("L" level) 


170 






ns 


W) 


<f> clock rising edge time 






20 


ns 


tf(*) 


clock falling edge time 






20 


ns 



Master CPU bus interface (R and W separation type mode) 



(V CC =5V±5%, V S s=0V, T a =-10~70 o C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


ta(R— d) 


Data output enable time after read 


Fig. 4 






120 


ns 


tv(p.— D) 


Data output disable time after read 


7 10 




85 


ns 


tpLH(R— PR) 


Prdy output transmission time after read 






150 


ns 


tpi_H(W— PR) 


Prdy output transmission time after write 






150 


ns 



Master CPU bus interface (R/W type mode) (Vcc=5v±5%,v S s=ov,T a =-io~7or > unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


ta(E-D) 


Data output enable time after read 


Fig. 4 






120 


ns 


tv(E-D) 


Data output disable time after read 


10 




85 


ns 


tpi_H(E— pr) Prdy output transmission time after E clock 






150 


ns 



Local bus/memory expansion mode, microprocessor mode 







(V CC =5V±5%, V ss =0V, T 


a=-10~ 


70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


td(*-A) 


address delay time after <j> 


Fig. 5 






150 


ns 


tv(<6— A) 


address effective time after <p 


10 






ns 


tv(RD — A) 


address effective time after RD 


10 






ns 


tv(WR — A) 


address effective time after WR 


10 






ns 


td(*-D) 


data output delay time after <t> 






160 


ns 


td(WR — D) 


data output delay time after WR 






160 


ns 


W(<6— D) 


data output effective time after <f> 


20 






ns 


W(WR — D) 


data output effective time after WR 


20 






ns 


td(<6— RW) 


R/W delay time after <f> 






150 


ns 


td(0-SYNC) 


SYNC delay time after </> 






150 


ns 


tw(RD) 


RD pulse width 


170 






ns 


tw(WR) 


WR pulse width 


170 






ns 
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TEST CONDITION 

Input voltage level : V| H 2. 4V 
V IL 0.45V 
Output test level : Vqh 2.0V 
Vol 0.8V 




Test circuit in 
single-chip mode 



-e- 





Fig. 4 



Master CPU bus interface 
test circuit 



Fig. 5 Local bus test circuit 



-e- 



PO 

P1 

P2 

P3 

P4 

P5 

P6 

CNV SJ 

AV SS 

Vss 



V C( 
AV C , 



ADV REF 
DAV REF 

D-A1 
D-A2 
RD 
WR 
R/W 
SYNC 
RESETqut 



X| N X, 



IN Aqut 




(test point) 

other power 
supply 



Fig. 6 l cc (at STOP mode) test condition 



MITSUBISHI 
k ELECTRIC 



5-95 



MITSUBISHI MICROCOMPUTERS 

M37450E4-XXXSP/FP 
M37450E4SS/FS 

EPROM VERSION of M37450M4-XXXSP/FP 



TIMING DIAGRAM 

Port/single-chip mode timing diagram 



T 



Port Pi input 



Port Pi output 



tw(X IN H) tw(X IN L) 



- — tc(x IN ) — *\ V \Y — "II 



tf(x IN )- 



-tr(X, N ) 



-tc(0)- 



zo\ - 



-tw(0H)- 



-tw(^L)- 



2.0 




-tf(^) 



> 



tsu(PiD— <f>)' 



€ 



-tr(0) 



-td(tf-PiD)- 



>l 



th(0 — PiD) 



Note : V,H=0.8V C c. V, L =0.16V C cOf X, N 
Master CPU bus interface/ R and W separation type timing diagram 



Read 



DB ~DB 7 



tsu( A — r) 



XTT" 
0.45 



0.45 



* 



tsu(cs — r) th( R — cs ) 



-tw( R )- 



| \0.45 0.45/ 



ta( R - D ) 



<2.0 



th( R - A ) 



0-45^ \ 



j'o.Ab 



> 2.0 
0.8 



tv( R - D ) 



JF 



tpLH(R Pr) 
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Write 



cs 



DB ~DB 7 



Prd 



tsu( A — w ) 



XTT" 
0-45 



0.45\ 



th(w-A) 



tsu( cs — w) th( w — cs) 



-tw(w)- 



2.4\ /2.4 

\0.45 0.45/ 



X0.45 



tsu( D — w ) 



2.. 
0.45, 



£> K_ 



/0.45 



th( w — D ) 
4 



,/ 0.45 



y ^T 



tpLH(w PR/ 



Master CPU interface/ R/W type timing diagram 



A 
R/W 

CS 



DB DB 7 



write 
DB0-.DB7 



V 



45 



> 



> 



tw( EL ) 






tsu( A - E ) 



/\t).45 



0.45 



Y 

I5\ 



tsu( cs — f) 



ta( E - D ) 



tw( E „) 



n 



■ tr( E ) 



th( E - cs )- 



2.o/ 
o"8\ 



tsu( D - E ) 



C 



0.45 



-4f( E ) 



th( E - A ) 



>^ 



/0.45 



> 



Me-d) 
th( E - D ) 



> 



/P 



tpLHOE PR/ 
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Local bus timing diagram 
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R/W 
/ SYNC 

A ~A 15 



D ~D 7 
CPU read 



D ~D 7 
CPU write 



J 



tc(tf) 



tw(flH) 



X 



td(0— rw) 



X 



td(tf 



V 



tw(0L) 



tf(^) 



/ 



< 



tsu( D — <t>) 



td(^- D ) 



< 



tr(0) 



XZ 



tv(*- A ) 



:xz 



th(^- D ) 



> 



> 



tv(^- D ) 



A -D 15 



D ~D 7 
CPU read 



WR 



D ~D 7 
CPU write 



X 



X 



\ 



tw( RD ) 



< 



-tsu( D - 



/ 



tv( RD -A) 



—I th( RD — D 



> 



\ 



-tw( WR )- 



y 



td( W R~D) 



tv(wR-A) 



< > 



tv( W R — d) 
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MITSUBISHI MICROCOMPUTERS 

ME LPS 740 MASK ROM 
ORDERING METHOD 



SERIES MELPS 740 MASK ROM (3) 

ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROM in single-chip 8- 
bit microcomputers. 

When placing such order, please submit the information (4) 
described below. 

(1) Mask ROM confirmation form- 1 set 

(There is a specific form to be used for each model.) (5) 

(2) Data to be written into mask ROM EPROM 

(Please provide three sets containing the identical 
data!) 

(3) Mark specification form 1 set 



Calculation and indication of checksum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the checksum code field of the mask 
ROM confirmation form. 
Options 

Refer to the appropriate data book entry and write the 
desired options on the mask ROM confirmation form. 
Mark specification method 

The permissible mark specifications differ depending 
on the shape of package. Please fill out the mark spe- 
cification form and attach it to the mask ROM confirma- 
tion form. 



(2) 



NOTES 

(1) Acceptable EPROM type 

Any EPROM made by Mitsubishi that is listed in the 

mask ROM confirmation form may be used. 

EPROM window labeling 

Please write the model name and the identification 

code (A, B, C) on the label for each of the three sets 

of data EPROMs provided. 



Example '. 





y 




M50747 
-XXXSP 

® 



















M50747 
-XXXSP 

® 













\ 








M50747 
-XXXSP 










© ^ 















Type 



Identification 
code for each 
of three sets 



OUTLINE OF ORDER PROCESSING 

Mitsubishi will produce the mask ROM if at least two of the 
three EPROM sets submitted contain identical data. 
If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. 
Thus, we assume responsibility only when we produce the 
mask ROM that contain data other than the data correctly 
provided by the customer. 

Mitsubishi uses an automatic mask ROM design program to 
generated the following 1 

1 . Drafting data for mask ROM production; 

2 . ROM code listing or EPROM for mask ROM production 
error check work; 

3 . Mask ROM test program. 

The chart below shows the flow of mask ROM production. 



iSERIES MELPS 740 MASK ROM DEVELOPMENT CAD SYSTEM 



Mask ROM 

confirmation 

form 



Object program 
generation 

* 



FROM CUSTOMER 



MITSUBISHI ELECTRIC 



EPROM 

(3 sets) 

1 1 1 1 1 1 1 1 





Error 

Tyes 



Mask ROM 

automatic 

design program 



EPROM 



D 

draftin 

I 



Mask drafting data 



□ 



Mask ROM test program 



Mask ROM I 
manufacturing 



/M50747J 
/ -XXXSP/ 

f I III I I . 
Mask ROM 



Acceptance 



Mask ROM 
manufacturing €— 



i 



• Wafer 
test 

• Final 
test 

• QA test 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-68A< 55B0 > 



series melps 740 mask rom confirmation form 

single-chip microcomputer m50708-xxxsp/fp 

Mitsubishi electric 



Mask ROM number 





Q. 
'<D 
O 

CD 

DC 


Date I 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

MS 

CO CO 
3 c 
w D) 
CO ■- 
— CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



%. 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : □ M50708-XXXSP □ M50708-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 
























□ 2764 


□ 27128 


□ 27256 


□ 27512 






0000 
0800 — i 

6K 
-jppp —J 
























III III III 1 




'lllllllll 


2800-^ 

6K 
3FFF -^ 




////////// 


0000 

6800—, 

6K 
7FFF- 1 




'// 


'//////// 


0000 

E80 ° "?5K 
FFFF -? K 


data 


data 


data 


data 





























Set "FFi 6 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50708-XXXSP ; 72P6 for M50708-XXXFP) and attach to the mask ROM confirmation form. 

% 3 . Comments 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-68A< 55B0 > 

X. 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 



P0 


POi 


P0 2 


P0 3 


P0 4 


P0 5 


P0 6 


P0 7 



















X 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 Pli P1 2 P1 3 PI4 P1 5 P1 6 PI7 



^ 6 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 P2! P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



^ 7 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3 1 P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



%. 8 . Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 

P4 P4! P4 2 P4 3 P4 4 P4 5 P4 6 P4 7 



^ 9 . Port P5 pull-up transistor ( if built-in is desired write 1 , if not write 0) 

P5 P5! P5 2 P5 3 P5 4 P5 5 P5 6 P5 7 



^10. Port P6 pull-up transistor (if built-in is desired write 1, if not write 0) 

P6„ P6 1 P6 2 P6 3 P6 4 P6 5 P6 6 P6 7 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-47A< 3XB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50740A-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 






Q. 
"<D 

o 
o 
rr 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD d) 

S3 

CO CO 
Z3 C 
CO U) 

i2 w 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : 



□ M50740A-XXXSP □ M50740A-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



D 2732 



□ 2764 



□ 27128 



□ 27256 



///////// /[ 

data 



000 
400 



1 
3K 

J 



///////// 



data 



0000 

1400— | 

3K 
1FFF J 



0000 

3400- 
3FFF- 



3K 



0000 



7400 ~3K 
7FFF -? K 



Set "FF 16 " in the shaded area. 

5& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (52P4B for M50740A-XXXSP ; 50P6 for M50740A-XXXFP) and attach to the mask ROM confirmation form. 

?& 3 . Comments 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-47A< 3XB0 > 

•^ 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 



P0 


POi 


P0 2 


P0 3 


P0 4 


P0 5 


P0 6 


P0 7 



















^ 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 P1, P1 2 P1 3 P1 4 P1 5 P1 6 P1 7 



^ 6 . Port P2 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P2 P2! P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



^ 7 . Port P3 pull-down transistor (if built-in is desired write 1, if not write 0) 

P3 P3 1 P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



^ 8 . Port R I/O mode (if port R is to be used as an input port only write 1, otherwise 0. If the M50790P is to be con- 
nected, this entry must be 0.) 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-41A< 32B0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50741-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
CD 
O 
CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note ' Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

S 3 

CO CO 

3? 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



5K 1 



. Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : □ M50741-XXXSP □ M50741-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2732 



□ 2764 



□ 27128 



□ 27256 




777777777 



0000 

1000—) 

4K 
1FFF J 



0000 

3000- 
3FFF " 



4K 



0000 



7000 7 
7FFF - 



Set "FF 16 " in the shaded area. 

%i 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (52P4B for M50741-XXXSP ; 50P6 for M50741-XXXFP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 



6-8 



MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-54A< 3ZB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50742-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
"(D 
O 
<D 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


(D CD 

to co 
— ifi 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



8n . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ M50742-XXXSP □ M50742-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2732 



□ 2764 



□ 27128 



□ 27256 




FFF 



1 

4K 

J 



777777777 



0000 
1000- 



4K 

: J 



0000 



3000—1 

4K 
3FFF- 1 




Set "FF 16 " in the shaded area. 

>& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50742-XXXSP ; 72P6 for M50742-XXXFP) and attach to the mask ROM confirmation form. 

$6 3 . Comments 



MITSUBISHI 
i ELECTRIC 



6-9 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-54A< 3ZB0 > 

X 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 



P0 


POi 


P0 2 


P0 3 


P0 4 


P0 5 


P0 6 


P0 7 



















5^ 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 P1i P1 2 P1 3 P14 P1 5 P1 6 PI7 



^ 6 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 'P2, P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



>&7. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3! P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



^ 8 . Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 

P4 P4! P4 2 P4 3 P4 4 P4 5 P4 6 P4 7 



^ 9 . Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

P5 P5i P5 2 P5 3 P5 4 P5 5 P5 6 P5 7 



^10. Port P6 pull-up transistor (if built-in is desired write 1, if not write 0) 

P6 P6/ P6 2 P6 3 P6 4 P6 5 P6 6 P6 7 
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MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-61A<4YB0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50743-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
'<D 
O 
CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

c 2 

CO CO 

3 .5? 

— CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



j£ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name ' 



□ M50743-XXXSP □ M50743-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 






























□ 


2732 


□ 2764 


□ 27128 




□ 


27256 














0000 

1000— | 

4K 
1FFF-I 


















0000 




data 


000 I 

4K 
FFF 1 




(///////// 




/// 


'mm 


0000 

3000^ 

4K 




ill 


'///// 


'ID 


data 


data 


data 



































Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50743-XXXSP ; 72P6 for M50743-XXXFP) and attach to the mask ROM confirmation form. 

58 3 . Comments 



MITSUBISHI 
k ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 



SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-69A< 5XB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50744-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





"© 
O 

rr 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD <D 
ra CO 
— CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



%. 1 . Confirmation ,. 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the, identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : □ M50744-XXXSP □ M50744-XXXSF 1 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



ERROM type 




























D 


2732 


□ 2764 


D 27128 




' D 


27256 














0000 
1000— -j 

4K 
1FFF — I 






0000 

3000 — , 

4K 
3FFF ~~ ' 










0000 

7000 -^k 
7FFF J K 




data 


000 | 

4K 

FFF J 




'lllllllll 




////////// 




'// 


'///// 


/// 


data 


data 




data 































Set "FF 16 " in the shaded area. 

^2. Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill, out the appropriate mark 
specification form (64P4B for M50744-XXXSP ; 72P6 for M50744-XXXSP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 



^ 4 . STP instruction option (if enable is desired write 1, if not write 0) 

STP 
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MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-42A<81A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50744T-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 






Q. 

O 
<D 
CC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note ! Please fill in all items marked>K. 



Customer 


Company 
name 


TEL 

( ) 


CD 0) 

S3 

co to 

=3 C 

co en 
J2 « 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : □ M50744T-XXXSP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



'□ 2732 



□ 2764 



□ 27128 



□ 27256 



000 



1 

4K 

J 



7777/7777 



0000 
1000- 

1FFF 



4K 

J 



0000 

3000- 
3FFF- 



0000 




Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50744T-XXXSP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 



^ 4 . STP instruction option (if enable is desired write 1, if not write 0) 

STP 



MITSUBISHI 
k ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-46A< 37B0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50745-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 

*CD 
O 
CD 

CC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note •' Please fill in 'all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD 0> 

CO CO 
3 c 

as 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : . . 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ M50745-XXXSP □ M50745-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2764 



□ 27128 



■□ 27256 



□ 27512 



llitllllll\ 

data 



0000 
0080 



1 ■ 

6K 

J 



\iiiimu 



0000 
2800— i 

6K 
3FFF -I 



data 



0000 

6800- 
7FFF- 



data 



0000 



E800 "7;k 
FFFF -? K 



Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (6.4P4B for M50745-XXXSP ; 60P6 for M50745-XXXFP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 
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MITSUBISHI 
. ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-46A<37B0> 

jK 4 . Port PO pull-up transistor (if built-in is desired write 1 , if not write 0) 

P0 PO! P0 2 P0 3 P0 4 P0 5 P0 6 P0 7 



^ 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 P1i P1 2 P1 3 P1 4 P1 5 P1 6 PI7 



^ 6 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 P2! P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



^ 7 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3, P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



^ 8 . Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 

P4 P4! P4 2 P4 3 P4 4 P4 5 P4 6 P4 7 



^ 9 . Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

P5 P5, P5 2 P5 3 P5 4 P5 5 P5 6 P5 7 



MITSUBISHI 
.ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-70A< 5XB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50746-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
CD 
O 
CO 
CC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note *. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


d) CD 

(0 CO 
=1 c 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



8H . ■ Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : □ M50746-XXXSP □ M50746-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 






















□ 2764 


□ 27128 


□ 27256 


□ 27512 






0000 






0000 

2800— | 

6K 
3FFF -J 






0000 

6800 -i 

6K 
7FFF - 1 










////////// 


0080— | 

6K 
1FFF— ' 




'llllllll-l 




////////// 




'////////// 


0000 

E800 ~7?K 
FFFF -? K 


data 


data 


data 


data 

























Set "FF 16 " in the shaded area. 

8? 2. Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50746-XXXSP ; 72P6 for M50746-XXXFP) and attach to the mask ROM confirmation form. 

$8 3 . Comments 



38$ 4 . STP instruction option (if enable is desired write 1, if not write 0) 

STP 
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MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 



SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-57A< 44B0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50747-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





a 
'a> 
o 
o 
or 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


<D Q) 

§ 3 

CO (0 
D C 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : 



□ M50747-XXXSP □ M50747-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2764 



□ 27128 



□ 27256 



□ 27512 




0000 



1FFF 



1 

8K 

J. 



777777777 



0000 

2000— i 

8K 
3FFF -I 



0000 

6000- 
7FFF- 




Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50747-XXXSP ; 72P6 for M50747-XXXFP) and attach to the mask ROM confirmation form. 

•x 3 . Comments 



MITSUBISHI 
k ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-27A<7ZA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50747H-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 

O 
CD 
DC 


Date I 


Section head 
signature 


Supervisor 
signature 







Note I Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CO <o 
ZJ c 
to 05 
HI W 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



*1 



. Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : □ M50747H-XXXSP □ M50747H-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 


2764 


□ 27128 


□ 27256 


□ 27512 














0000 
2000 — ! 

8K 
3FFF —I 














0000 

eooo -3 

FFFF -§ K 




data 


0000 1 
8K 

1FFF — ' 




'lllllllll 




////////// 


0000 

6000—, 

8K 
7FFF — ' 




'// 


'//////// 


data 


data 


data 































Set "FF 16 " in the shaded area. 

£K 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50747H-XXXSP ; 72P6 for M50747H-XXXFP) and attach to the mask ROM confirmation form. 

^3. Comments 
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MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -26A < 7ZA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50747T-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
"<D 
O 
0) 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


0) <D 

23 

S.s> 

— to 


Responsible 
officer 


Supervisor 






Date 
issued 


Date I 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask, ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2764 



□ 27128 



□ 27256 



□ 27512 




0000 



1FFF 



8K 

J 



777777777 



0000 
2000— | 

8K 
3FFF -I 




7FFF- 



data 



E00 ° -rk 
FFFF -2 K 



Set "FF 16 " in the shaded area. 

3K 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50747T-XXXSP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 



MITSUBISHI 
.ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-65A< 52B0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50752-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 






Q. 
'CD 
O 



DC 


Date : ' '" 


Section head 
signature 


Supervisor 
signature 







Note .' Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


<D CD 

CO CO 
3 C 

3? 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : ■ 



%* 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs, submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2732 



□ 2764 



□ 27128 



□ ■ 27256 




000 



1 



6K 



FFF- 



///////// 



0000 

1000— i 

4K 
1FFF-J 



0000 

3000- 
3FFF- 



0000 



7000 -3 
7FFF-J* 



Set "FF 16 " in the shaded area. 

•^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (52P4B for M50752-XXXSP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 
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MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-52A< 3ZB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50753-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





QL 

O 

CD 

a: 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

c3 

CO CO 
3 C 

s« 

— CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ M50753-XXXSP □ M50753-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 
























'□ 2764 


□ 27128 


□ 27256 


□ ' 27512 






0000 
0080— | 

6K 

1FFF — ' 












0000 












llllllllll 




'///////// 


0000 

2800— 1 

6K 
3FFF —I 




////////// 




'// 


Wllk 


E80 ° ~6K 
FFFF _?K 


data 


68OO—1 

6K 
7FFF-J 


data 


data 


data 





























Set "FF 16 " in the shaded area. 

%i 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50753-XXXSP ; 60P6 for M50753-XXXFP) and attach to the mask ROM confirmation form. 

& 3 . Comments 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-52A<3ZB0> 

^ 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 



P0 


PO, 


P0 2 


P0 3 P0 4 


P0 5 


P0 6 


P0 7 








\ 









^ 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 P1i P1 2 P1 3 Pn P1 5 P1 6 PI/ 



>& 6 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 P2 t P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



^ 7 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3, P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



^ 8 . Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 

P4 P4, P4 2 P4 3 



^ 9 . Port PWM pull-up transistor (if built-in is desired write 1, if not write 0) 

PWM 
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MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-38A<81A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50753T-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
'<D 
O 
Q) 
DC 


Date '. 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked>K. 



Customer 


Company 
name 


TEL 

( ) 


Q) <D 
CO CO 

8? 


Responsible 
officer 


Supervisor 






Date 
issued 


Date I 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2764 



□ 27128 



□ 27256 



□ 27512 



//////////I 

data 



0000 
0080 



1FFF 



1 
6K 

J 



777777777 



0000 
2800— i 

6K 
3FFF- 1 



0000 

6800- 
7FFF- 



6K 



data 



0000 



E800 ~&K 
FFFF -? K 



Set "FF 16 " in the shaded area. 

*K 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50753T-XXXSP) and attach to the mask ROM confirmation form. 

%. 3 . Comments 



MITSUBISHI 
.ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-38A<81A0> 

%. 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P0 POt P0 2 P0 3 P0 4 P0 5 P0 6 P0 7 



^ 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 Pli P1 2 P1 3 P14 P1 5 P1 6 Pir 



X 6 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 P2! P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



^7. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3! P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



^ 8 . Port P4 pull-down transistor (if built-in is desired write 1, if not write 0) 

P4 P4! P4 2 P4 3 



*K 9 . Port PWM pull-up transistor (if built-in is desired write 1, if not write 0) 

PWM 
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MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-64A<52B0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50754-XXXSP/FP/GP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
CD 
O 
CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note I Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

23 

CO CO 
Z3 C 

If 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



SK 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ M50754-XXXSP □ M50754-XXXFP □ M50754-XXXGP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 






















□ 2764 


□ 27128 


□ 27256 


□ 27512 






0000 
0080 — | 

6K 
1PPP —I 






0000 
2800— 1 

6K 
3FFF —I 






0000 

6800 -i . 
6K 
7FFF - 1 










////////// 




'///////// 




////////// 




WHIM, 


0000 

E80 ° ~6K 
FFFF -? K 


data 


data 


data 


data 

























Set "FF 16 " in the shaded area. 

3$ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50754-XXXSP ; 72P6 for M50754-XXXFP ; 64P6W for M50754-XXXGP) and attach to the mask 
ROM confirmation form. 

$K 3 . Comments 



^K 4 . 4> output halt option (if output halt is desired write 1, if not write 0.) 

PHIO - 



MITSUBISHI 
.ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-60A< 44B0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50757-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 

O 
0) 
CL 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked 38. 



Customer 


Company 
name 


TEL 

( . ) 


<D 0) 

2 3 

CO CO 


Responsible 
officer 


Supervisor 






• Date 
issued 


Date : 



BH .' Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2732 



□ 2764 



□ 27128 



□ 27256 



data 



0000 
400 



FFF 



1 

3K 
J 



777777777 



data 



0000 
1400- 



1FFF 



3K 

J 



0000 

3400 - 
3FFF- 



3K 



0000 



7400 -a 
7FFF -3 K 



Set "FF 16 " in the shaded area. 

%k 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (52P4B for M50757-XXXSP) and attach to the mask ROM order confirmation form. 

$& 3 . Comments 
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MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-63A< 4ZB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50758-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
CD 
O 
CD 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


<D CD 

co co 

=3 C 


Responsible 
officer 


Supervisor 






Date 
issued 


Date ! 



38 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 




















□ 2732 


□ 2764 


D 27128 


□ 27256 












0000 

1400— | 

3K 
1FFF — ' 














////////// 


400 — | 

3K 
FFF — * 




'///////// 




lllllllll^ 


0000 

3400 — i 

3K 
3PPP _i 




wiiiiC 


data 


data 


data 


data |™° ?K 

























Set "FF-je" in the shaded area. 

j& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (52P4B for M50758-XXXSP) and attach to the mask ROM order confirmation form. 

%k 3 . Comments 



MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-71A<5XB0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50930-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
'<D 
O 
<D 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CO CO 
=3 C 

- — w 


Responsible 
officer 


Supervisor 






Date 
issued 


Date .' 



%. 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 






















□ 2764 


D 27128 


□ 27256 


□ 27512 






0000 
1000— | 

4K x 

1FFF — ' 












0000 

7000-n 

4K 
7FFF-J 










mum. 11 




'lllllllll 


0000 
3000— | 

4K 
3FFF — 1 




////////// 




Wlllli 


0000 
fooo -3 

FFFF —j 


data 


data 


data 


data 



























Set "FF 16 " in the shaded area. 

%< 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6 for M50930-XXXFP) and attach to the mask ROM order confirmation form. 

j* 3 . Comments 
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MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-71A<5XB0> 

%. 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 



P0 PO, P0 2 P0 3 P0 4 P0 5 P0 6 P0 7 



^ 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 P1i P1 2 P1 3 P14 P1 5 P1 6 PI7 



^ 6 . Port P2 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P2 P2! P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



^ 7 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3 1 P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



%. 8 . Port P3 5 /S ut output type (if Nch open drain is desired write 1, if CMOS write 0) 



MITSUBISHI 
l ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -37A< 81 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50930T-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





CD 
O 
CD 
DC 


Date '. 


Section head 
signature 


Supervisor 
signature 







Note .' Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Q CD 

£a 

co aj 
3 c 
CO O) 

i2-5 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2764 



□ 27128 



□ 27256 



□ 27512 



////// // //Co 



1 

4K 

J 



jTfmm 



0000 

3000— ] 
4K 

3FFF-I 



0000 

7000- 
7FFF- 



0000 



Set "FF 16 " in the shaded area. 

%& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6 for M50930T-XXXFP) and attach to the mask ROM order confirmation form. 

%& 3 . Comments 



6-3Q 



MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-37A<81A0> 

^ 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 



P0 


Pd P0 2 


P0 3 


P0 4 


P0 5 


P0 6 


P0 7 

















^ 5 . Port P1 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P1 Pi, P1 2 P1 3 P14 P1 5 P1 6 PI7 



%i 6. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 P2, P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



% 7 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3! P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



^ 8 . Port P3 5 /S ut output type (if Nch open drain is desired write 1, if CMOS write 0) 



MITSUBISHI 
k ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 



SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-17A<7YAO> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50931-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
CD 
O 
CD 

rr 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


<D CD 

2a 

CO CO 
=3 C 

If 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2764 



□ 27128 



□ 27256 



□ 27512 



////////// I 

data 



0000 
1000 



1 

4K 



777777777 



0000 
3000— , 

4K 
3FFF -I 



0000 

7000- 
7FFF- 



0000 



F000 - 
FFFF -7* 



Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6 for M50931-XXXFP) and attach to the mask ROM order confirmation form. 

% 3 . Comments 
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MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-17A<7YA0> 

^? 4 . Port PO pull-up transistor (if built-in is desired write .1, if not write 0) 



P0 POi 


P0 2 


P0 3 


P0 4 


P0 5 


P0 6 


P0 7 

















^ 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 P1i P1 2 P1 3 PI4 P1 5 P1 6 PI7 



X. 6 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 P2! P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



^ 7 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3! P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



^ 8 . Port P3 5 /S ut output type (if Nch open drain is desired write 1, if CMOS write 0) 

SquT 



MITSUBISHI 
.ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-88A< 72B0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50932-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
"CD 
O 
CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD 0) 

CO CO 
CO D) 

S2 m 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



%i 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2764 



□ 27128 



□ 27256 



□ 27512 




0000 



1FFF 



1 

8K 

J 



7777777771 



0000 
2000- 



3FFF 



8K 

J 



0000 

6000- 
7FFF- 



8K 



nOOOO 



data 



E000 



FFFF Jr 



~8K 



Set "FF 16 " in the shaded area. 

8$ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6 for M50932-XXXFP) and attach to the mask ROM order confirmation form. 

r& 3 . Comments 
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MITSUBISHI 
i ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-88A<72B0> 

^ 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 



P0 


POi 


P0 2 


P0 3 


P0 4 


P0 5 


P0 6 


P0 7 



















^ 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 Pi, P1 2 P1 3 PI4 P1 5 P1 6 P1 7 



^ 6 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 P2i P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



$6 7 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3i P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



^ 8 . Port P3 5 /S ut output type (if Nch open drain is desired write 1, if CMOS write 0) 

SqUT 



■ SK 9 . CNTR pin pull-up transistor (if built-in is desired write 1, if not write 0) 

CNTR 



MITSUBISHI 
l ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 



SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-11A<7YA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50940-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
"<D 

o 

<D 


Date : 


Section head 
signature 


Supervisor 
signature 







Note ! Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


■8? 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ M50940-XXXSP □ M50940-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



Q 2732 



□ 2764 



□ 27128 



□ 27256 



data 



000 



FFF 



T 

4K 

J 



777777777 



0000 
1000- 

1FFF 



4K 

J . 



0000 

3000- 
3FFF- 



data 



7FFF ^ K 



Set "FF 16 " in the shaded area. 

38 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50940-XXXSP ; 72P6 for M50940-XXXFP) and attach to the mask ROM confirmation form. 

$6 3 . Comments 
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MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-11A<7YA0> 

^ 4 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 



P3 


P3i 


P3 2 


P3 3 


P3 4 


P3 5 


P3 6 


P3 7 



















X ,5 . Port P4 pull-up transistor (if built-in is desired write 1, if" not write 0) 

P4 P4 1 P4 2 P4 3 P4 4 P4 5 P4 6 P4 7 



MITSUBISHI 
.ELECTRIC 



6-37 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-10A< 7YA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50941-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
CD 

o 

CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

2 co 
— w 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



38$ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box), 
if at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in Verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : □ M50941-XXXSP □ M50941-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2764 



■□ 27128 



□ 27256 



□ 27512 




0000 



1 

8K 

J 



777777777 



data 



0000 
2000— j 

8K 
3FFF-I 



0000 

6000- 
7FFF- 



8K 



0000 



E00 ° ~3k 
FFFF -5 K 



Set "FF 16 " in the shaded area. 

%z 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50941-XXXSP ; 72P6 for M50941-XXXFP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 



6-38 



MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-10A<7YA0> 

%. 4 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 



P3 


P3i 


P3 2 


P3 3 


P3 4 


P3 5 


P3 6 


P3 7 



















^ 5 . Port P4 pull-up transistor ( if built-in is desired write 1 , if not write 0) 

P4 P4, P4 2 P4 3 P4 4 P4 5 P4 6 P4 7 



MITSUBISHI 
.ELECTRIC 



6-39 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-12A<7YA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50943-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





O 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CO CO 
3 C 

St 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : □ M50943-XXXSP □ M50943-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 
























□ 


2764 


□ 27128 


□ 27256 


□ 27512 








0000 — -I 

8K 
1FFF — I 






















data 




'lllllllll 


0000 
2000— | 

8K 
3FFF — ' 




////////// 


0000 

6000 -. 

8K 
7FFF - 1 




(////////// 


0000 

E000 -gj. 
FFFF _° K 


data 


data 


data 





























Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50943-XXXSP ; 60P6 for M50943-XXXFP) and attach to the mask ROM confirmation form. 

38 3 . Comments 



6-40 



MITSUBISHI 
. ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-12A<7YA0> 
■ $a 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 



P0 o 


POi 


P0 2 


P0 3 


P0 4 


P0 5 


P0 6 


PPz 



















%< 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

• P1 P1i P1 2 P1 3 Pn P1 5 P1 6 PI7 



^ 6 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 P2, P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



^ 7 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3i P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



%. 8 . Port P4 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P4 P4, P4 2 P4 3 



^ 9 . Port PWM pull-up transistor (if built-in is desired write 1 , if not write 0) 

PWM 



•/SUO. Port CNTR pull-up transistor (if built-in is desired write 1, if not write 0) 

CNTR 



BUT. Port P3 5 (S ut) output type (if Nch open drain is desired write 1, if CMOS write 0) 

• • • Squt 



MITSUBISHI 
.ELECTRIC 



6-41 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-18A<7YA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50944-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
"© 
O 
© 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


© 2> 

to D) 
J2ot 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



'2K 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ M50944-XXXSP □ M50944-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 




















□ 27128 


□ 


27256 


□ '. 27512 






0000 
















0000 

DOOO -> ovc 
FFFF^ 2K 




////////// 


1000-j 

12K 
3FFF— * 




///////, 


/// 


0000 

5000 -! 

12K 




'// 


'//////// 


data 


data 


data 























Set "FF 16 " in the shaded area. 

$6 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50944-XXXSP ; 64P6S for M50944-XXXFP) and attach to the mask ROM confirmation form. 

•)K 3 . Comments 



6-42 



MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-18A<7YA0> 

8$ 4 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 



P0 o 


■ P0i 


P0 2 


P0 3 


P0 4 


P0 5 


P0 6 


P0 7 



















£$ 5 . Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 P1i P1 2 P1 3 P1 4 P1 5 P1 6 PI7 



%i 6 . Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 P2! P2 2 P2 3 P2 4 P2 5 P2 6 P2 7 



SK 7 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3 1 P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



j& 8 . Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 P3i P3 2 P3 3 P3 4 P3 5 P3 6 P3 7 



^ 9 . Clock source option at reset (if X C | N write 1 , if X )N write 0) 

CLK 



^10. STP instruction option (if enable is desired write 1, if not write 0) 

STP 



MITSUBISHI 
t ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-73A< 61 BO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50950-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





'(D 

O 

CD- 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 
CC CO 

IS 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 
























□ 2764 


D 27128 


I □ 27256 


□ 27512 






0000 
0080— j 

6K 

1 FFF — ' 




















0000 

E800 -x- ■' 
FFFF -? K 




////////// 




'111111111 


2800-^ 
6K 

3 FFF -J 




////////// 


0000 

6800 — , 

6K 
7FFF — ' 




'// 


Willi 


data 


data 


data 


data 





























Set "FF 16 " in the shaded area. 

$6 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (52P4B for M50950-XXXSP) and attach to the mask ROM order confirmation form. 

$6 3 . Comments 



6-44 



MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-74A<61B0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50951-XXXSP 

MITSUBISHI ELECTRIC 



Mask ROM number 





O 

o 
rr 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^ 



Customer 


Company 
name 


TEL 

( ) 


0) CD 

CTJ CTJ 

=3 C 

■fSw 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecirnal notation) 



EPROM type 



□ 2764 



inn mi i\ 



0000 
1000 



1 

4K 



□ 27128 



0000 

3000- 
3FFF- 



4K 



□ 27256 



0000 

7000- 
7FFF- 



Set "FF 16 " in the shaded area. 

BS2. Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (52P4B for M50951-XXXSP) and attach to the mask ROM confirmation form. 

%& 3 . Comments 



MITSUBISHI 
.ELECTRIC 



6-45 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-13A<7YA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50954-XXXSP/FP/GP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
'(D 

o 

CD 
□C 


Date : 


Section head 
signature 


Supervisor 
signature 







Note i Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

■( ') 


CD CD 

"a 

— CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name '. 



□ 

□ 



M50954-XXXSP 
M50954-XXXGP 



□ M50954-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 27128 



/ //////// /I 



3FFF 



1 

8K 
J 



□ 27256^ 



0000 

6000- 
7FFF- 



8K 



□ 27512 



data 



0000 

E000- 
FFFF- 



Set "FF 16 " in the shaded area. 

38 2. Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50954-XXXSP ; 72P6 for M50954-XXXFP ; 64P6W for M50954-XXXGP) and attach to the mask 
ROM confirmation form. 

3K3. Comments 



*K 4 . <f> output halt option (if output halt is desired write 1, if not write 0.) 

PHI0 



6-46 



MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -1 4A< 7YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50955-XXXSP/FP/GP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
CD 
O 
CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked-^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

23 
co ns 

3 c 

s-i 1 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



* 1 



. Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name '. 



□ 
□ 



M50955-XXXSP 
M50955-XXXGP 



□ M50955-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 27128 



////////// | 

data 



0000 
1800- 



3FFF 



10K 

J 



□ 27256 



data 



0000 



5800 7ok 

7FFF- 1 



□ 27512 



data 



0000 

D800- 
FFFF" 



10K 



Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50955-XXXSP ; 72P6 for M50955-XXXFP ; 64P6W for M50955-XXXGP) and attach to the mask 
ROM confirmation form. 

$6 3 . Comments 



%< 4 . output halt option (if output halt is desired write 1, if not write 0.) 

PHIO 



MITSUBISHI 
i ELECTRIC 



6-47 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-15A< 7YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50957-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 

O 

CD 
CC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note I Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD 0) 

cc co 

Z3 C 


Responsible 
officer 


Supervisor 






Date 
issued 


Date .' 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ ' M50957-XXXSP □ M50957-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 
























□ 27128 




□ 


27256 




□ 


27512 




0000 
1800—, 

10K 

3PPP-J 










0000 
5800 -r nK 

7FFF _1 0K 










0000 
D800 -r nK 

ffffJL 0K 


////////// 




'// 


'///// 


/// 




r // 


'///// 


/// 


data 


data 


data 

























Set "FF 16 " in the shaded area. 

X 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50957-XXXSP ; 72P6 for M50957-XXXFP) and attach to the mask ROM confirmation form. 

$6 3 . Comments 



' ?& 4 . <t> output halt option (if output halt is desired write 1 , if not write 0.) 

PHI0 



6-48 



MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-19A<7YA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50959-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





"<D 
O 
CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note .' Please fill in all items marked^ 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

co co 
3 c 

— CO 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



% 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : □ M50959-XXXSP □ M50959-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 27128 



0000 



3FFF 



1 

16K 

J 



□ 27256 



data 



0000 
4000 



7FFF 



1 

16K 

J 



□ 27512 



0000 

cooo- 

7FFF- 



Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50959-XXXSP ; 72P6 for M50959-XXXFP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 



^ 4 . </> output halt option (if output halt is desired write 1, if not write 0.) 

PHI0 



MITSUBISHI 
l ELECTRIC 



6-49 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-85A< 71 BO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50963-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
CD 
O 

d) 

DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

ca co 
rj c 

8f 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



28 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ M50963-XXXSP □ M50963-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 




D 


27512 














0000 

5800—, 

iOK 
7FFF- 1 










0000 




'////l/l// 


1800—, 

10K 
3FFF —I 




/a 


'/////// 




'// 


'///// 


/// 


data 


data 


data 



























Set "FF 16 " in the shaded area. 

58 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50963-XXXSP ; 72P6 for M50963-XXXFP) and attach to the mask ROM confirmation form. 

38 3 . Comments 

^ 4 . STP instruction option (if enable is desired write 1, if not write 0.) 

STP 



6-5G 



MITSUBISHI 
i ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01 -83A< 6ZB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M50964-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
Q) 
O 
<D 


Date : 


Section head 
signature 


Supervisor 
signature 







Note I Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CO CO 

3 C 

St 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name ' 



□ M50964-XXXSP □ M50964-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 
























□ 2764 


□ 27128 


□ 27256 


□ 


27512 












0000 


















////////// 


0000 
0080^ 

6K 

1FFF^ 




'lllllllll 


2800— | 

6K 
3FFF -J 




////////// 


0000 

6800—, 

6K 
7PPP _i 




'/////// 


'/// 


PP°FP> 


data 


data 


data 


data 



























Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M50964-XXXSP ; 72P6 for M50964-XXXFP) and attach to the mask ROM confirmation form. 

%. 3 . Comments 



^ 4 . STP instruction option (if enable is desired write 1, if not write 0.) 

STP 



MITSUBISHI 
l ELECTRIC 



6-51 



MITSUBISHI MICROCOMPUTERS 



SERIES MELPS 740 MASK ROM ORDERING METHOD 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M37410M3-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





'<D 
O 
CD 
CC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note .' Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


<D 0) 

CO CO 

Z3 c 

i2w 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



%< 1 . Confirmation 

Specify the name of the product being ordered and the type of. EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 27128 


D 27256 


□ 27512 














address 0000 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
E800 






0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
2800 

3FFF 


Port P0 pull-up 




0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
6800 

7FFF 


Port P0 pull-up 




Port P0 pull-up 




Port P1 pull-up 


Port P1 pull-up 


Port P1 pull-up 


Port P2 pull-up 


Port P2 pull-up 


Port P2 pull-up 


Port P3 pull-up 


Port P3 pull-up 


Port P3 pull-up 


Port P4 pull-up 


Port P4 pull-up 


Port P4 pull-up 


Port P5 pull-up 


Port P5 pull-up 


Port P5 pull-up 


Port P2 key on wake-up 


Port P2 key on wake-up 


Port P2 key on wake-up 


////////// 


////////// 


////////// 


ROM(6K) 


ROM(6K) 


ROM(6K) 




' 

















Set "FF 1§ " in the shaded area. 

>£2. Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6S for M37410M3-XXXFP) and attach to the mask ROM order confirmation form. 

%. 3 . Comments 
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MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



Please write the option data also at the specified address in the EPROM 
•^ 1 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P0 7 P0 6 P0 5 P0 4 P0 3 P0 2 PPi P0 o 
address 0000 16 



^2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 7 P1 6 P1 5 . P1 4 P1 3 P1 2 P1i P1 
address 0001 16 



^3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 7 P2 6 P2 5 P2 4 P2 3 P2 2 P2i P2 
address 0002 16 



%. 4 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 7 P3 6 P3 5 P3 4 P3 3 P3 2 P3! P3 
address 0003 16 







%. 5 . Port P4 pull-up transistor (if built-in is desired write 1 , if not write 0) 

^__^____^__^__^ P4 3 P4 2 P4, P4 
address 0004 16 

^ 6 . Port P5 pull-up transistor (if built-in is desired write 1 , if not write 0) 

P5 7 P5 6 P5 5 P5 4 P5 3 P5 2 P5i P5 
address 0005 16 



% 7 . Port P2 key on wake-up (if built-in is desired write 1 , if not write 0) 

KW 7 KW 6 KW 5 KW 4 KW 3 KW 2 K\N, KW 
address 0006 16 



MITSUBISHI 
.ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M37410M4-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 

O 
<D 
DC 


Date :■ 


Section head 
signature 


Supervisor 
signature 







Note I Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


0) <D 

=1 

CO CO 
=3 C 
OT CO 

i2'«5 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



%i 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 


□ 27512 


address 






address 






address 






0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 

2000 

3FFF 


Port P0 pull-up 




0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 

6000 


Port P0 pull-up 




0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 

E000 

FFFF 


Port P0 pull-up 




Port P1 pull-up 


Port P1 pull-up 
Port P2 pull-up 


Port P1 pull-up 


Port P2 pull-up 


Port P2 pull-up 


Port P3 pull-up 


Port P3 pull-up 


Port P3 pull-up 


Port P4 pull-up 


Port P4 pull-up 
Port P5 pull-up 


Port P4 pull-up 


Port P5 pull-up 


Port P5 pull-up 


Port P2 key on wake-up 


Port P2 key on wake-up 


Port P2 key on wake-up 


////////// 


////////// 


////////// 


ROM(8K) 


ROM(8K) 


ROM(8K) 








7FFF 













Set "FF 16 " in the shaded area. 

8$ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6S for M37410M4-XXXFP) and attach to the mask ROM order confirmation form. 

>*< 3 . Comments 
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MITSUBISHI 
.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



Please write the option data also at the specified address in the EPROM 
38 1 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P0 7 P0 6 P0 5 P 4 P0 3 P0 2 PO! P0 
address 0000 16 



382. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 7 P1 6 P1 5 P1 4 P1 3 P1 2 P1i P1 
address 0001 16 



383. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 7 P2 6 P2 5 P 2 4 P2 3 P2 2 P2, P2 
address 0002 16 



38 4 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 7 P3 6 P3 5 P3 4 P3 3 P3 2 P3i P3 
address 0003 16 



38 5 . Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 

^_^___^__^__^ P4 3 P4 2 ' P4! P4 

address 0004 16 







38 6 . Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

P5 7 P5 6 P5 5 P5 4 P5 3 P5 2 P5! P5 
address 0005 16 



38 7 . Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 

KW 7 KW 6 KW 5 KW 4 KW 3 KW 2 KW, KW 
address 0006 16 



MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M37415M4-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





"o 
o 

CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


<D (D 

S 3 

CO (0 
=5 C 
CO O) 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 

t in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 


□ 27512 








dde 






' address 0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 

E800 






0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
2800 


Port P0 pull-up 




a ress 0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
6800 

7FFF 


Port P0 pull-up 




Port P0 pull-up 




Port P1 pull-up 
Port P2 pull-up 


Port P1 pull-up 


Port P1 pull-up 


Port P2 pull-up 


Port P2 pull-up 


Port P3 pull-up 


Port P3 pull-up 


Port P3 pull-up 


P35 output type 


P35 output type 


P35 output type 


CNTR pull-up 


CNTR pull-up 


CNTR pull-up 


Port P2 key on wake up 


Port P2 key on wake up 


Port P2 key on wake up 


////////// 


////////// 


////////// 


ROM(6K) 


ROM(6K) 


ROM(6K) 





















Set "FF 16 " in the shaded area. 

>& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (80P6 for M37415M4-XXXFP) and attach to the mask ROM order confirmation form. 

^ 3 . Comments 



6-56 



MITSUBISHI 
, ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



Please write the option data also at the specified address in the EPROM 
j& 1 . Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P0 7 P0 6 P0 5 P0 4 P0 3 P0 2 PO! P0 
address 0000 16 



^2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 7 P1 6 P1 5 P1 4 P1 3 P1 2 PI1 P1 
address 0001 16 



^3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2 7 P2 6 P2 5 P2 4 P2 3 P2 2 P2t P2 
address 0002 16 



38 4 . Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3 7 P3 6 P3 5 P3 4 P3 3 P3 2 P3t P3 
address 0003 16 



























X 5 . Port P3 5 output type (if Nch open drain is desired write 1, if CMOS write 0) 



address 0004 16 



^ 6 . CNTR pin pull-up transistor (if built-in is desired write 1, if not write 0) 



address 0005 16 



P3 5 



CNTR 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SHO0-95A<75BO> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M37450M2-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





D. 
CD 
O 
CD 
CC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note *. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

CO 03 
^ C 

8.2> 

— C/3 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



%. 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ M37450M2-XXXSP □ M37450M2-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 






















□ 2764 


□ 27128 




□ 


27256 






0000 
1000—1 

4K 

1 FFF — ' 








0000 

3000 — , 

4K 
3FFF — ' 










0000 

7000 -fa, 
7FFF - 4K 




1 1 1 111(1 1 1 




//, 


w//// 




'// 


'///// 


'/// 


data 


data 


data 

























Set "FF 16 " in the shaded area. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M37450M2-XXXSP ; 80P6 for M37450M2-XXXFP) and attach to the mask ROM confirmation form. 

^ 3 . Comments ' 
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MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 



SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-99A< 75B0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M37450M4-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





'CD 
O 
CD 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CD CD 

S3 
co cc 

■D C 

i2 w 


Responsible 
officer 


Supervisor 






Date- 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. • 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data.. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : 



□ M37450M4-XXXSP □ M37450M4-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 




















□ 


2764 


□ 


27128 


□ 


27256 








QQQQ 


















data 


8K 

1 p FF — I 




////////// 


0000 

2000^ 

8K 
3FFF — ' 


WHIM, 


0000 
6000 ^ K 


data 


| data 






















7FFF — J 



Set "FF 16 " in the shaded area. 

3K 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M37450M4-XXXSP ; 80P6 for M37450M4-XXXFP) and attach to the mask ROM confirmation form. 

& 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-00A<76B0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 

SINGLE-CHIP MICROCOMPUTER M37450M8-XXXSP/FP 

MITSUBISHI ELECTRIC 



Mask ROM number 





"(D 
O 
CD 

cc 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


0) <D 

CO CO 

"■5 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



$8 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name ; 



□ M37450M8-XXXSP □ M37450M8-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 27128 




'i 



□ 27256 




7FFF- 



16K 



Set "FF 16 " in the shaded area. 

%k 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (64P4B for M37450M8-XXXSP ; 80P6 for M37450M8-XXXFP) and attach to the mask ROM confirmation form. 

•^ 3 . Comments 
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MITSUBISHI 
k ELECTRIC 



MITSUBISHI MICROCOMPUTERS 



SERIES MELPS 8-48 and MELPS 8-41 MASK ROM 

ORDERING METHOD 



SERIES MELPS 8-48 AND MELPS 8-41 
MASK ROM ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROM in single-chip 8- 
bit microcomputers. 

When placing such order, please submit the information 
described below. 

(1) Mask ROM confirmation form 1 set 

(There is a specific form to be used for each model.) 

(2) Data to be written into mask ROM---- EPROM 

(Please provide three sets containing the identical 
data.) 

(3) Mark specification form , 1 set 

NOTES 

(1) Acceptable EPROM type 

Any EPROM made by Mitsubishi that is listed in the 
mask ROM confirmation form may be used. 

(2) EPROM window labeling 

Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 



Example : 



Label 











M5L8048 
-XXXSP 

® 



















M5L8048 
-XXXSP 

® 












Type 



Identification 
code for each 
of three sets 



(3) Calculation and indication of checksum code 

Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the checksum code field of the mask 
ROM order confirmation form. 

(4) Options 

Refer to the appropriate data book entry and write the 
desired options on the mask ROM order confirmation 
form. 

(5) Mark specification method 

The permissible mark specifications differ depending 
on the shape of package. Please fill out the mark spe- 
cification form and attach it to the mask ROM confirma- 
tion form. 

OUTLINE OF ORDER PROCESSING 

Mitsubishi will produce the mask ROM if at least two of the 
three EPROM sets submitted contain identical data. 
If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. 
Thus, we assume responsibility only when we produce the 
mask ROM that contain data other than the data correctly 
provided by the customer. 

Mitsubishi uses an automatic mask ROM design program to 
generated the following '. 
1 . Drafting data for mask ROM production; 
2 . ROM code listing or EPROM for mask ROM production 

error check work; 
3 . Mask ROM test program. 
The chart below shows the flow of mask ROM production. 



SERIES MELPS 8-48 AND MELPS 8-41 MASK ROM DEVELOPMENT CAD SYSTEM 

FROM CUSTOMER I MITSUBISHI ELECTRIC 




Mask ROM test program 



/ M5L8048 h 
/ -XXXSP / 

I I II 1 1 1 1 I II 



MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 8-48 and ME LPS 8-41 MASK ROM 

ORDERING METHOD 



GZZ-SH01-21A<7ZA0> 



SERIES MELPS 8-48 and MELPS 8-41 MASK ROM 

CONFIRMATION FORM 

SINGLE-CHIP 8-BIT MICROCOMPUTER 

M5L8048-XXXP 

M5L8041A-XXXP 

M5L8041AH-XXXP 

MITSUBISHI ELECTRIC 



Mask ROM number 





"© 
O 

DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note ! Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


a> 

CO CO 

=J c 

i2w 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name '. 



□ M5L8048-XXXP 

□ M5L8041A-XXXP 

□ M5L8041AH-XXXP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2732 



□ 2764 



□ 27128 



□ 8741 

□ 8741 A 

□ 8748 

□ 8748H 



data 



mbl 



000 
3FF 



> 




1FFF 




3FFF 



J 1K 



Set "FF 16 " in the shaded area. 

•& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 

specification form (40P4) and attach to the mask ROM confirmation form. 
j& 3 . Outline of the final products (Please enter as far as to be allowed) 
Vk 4 . Comments 
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MITSUBISHI MICROCOMPUTERS 



SERIES MELPS 8-48 and ME LPS 8-41 MASK ROM 

ORDERING METHOD 



GZZ-SH01-22A<7ZA0> 

SERIES MELPS 8-48 and MELPS 8-41 MASK ROM 

CONFIRMATION FORM 

SINGLE-CHIP 8-BIT MICROCOMPUTER 

M5L8042-XXXP 

M5L8049-XXXP, M5L8049-XXXP-6 

M5L8049H1-XXXP 

M5M80C49A-XXXP, M5M80C49H-XXXP 

M5MC49A-XXXFP, M5MC49H-XXXFP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 
'<D 
O 
CD 


Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


<D CD 

co ca 

8? 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name ! 



□ M5L8042-XXXP 

□ M5L8049-XXXP 

□ M5L8049-XXXP-6 

□ M5L8049H1-XXXP 



□ M5M80C49A-XXXP 

□ M5M80C49H-XXXP 

□ M5MC49A-XXXFP 

□ M5MC49H-XXXFP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2732 



□ 2764 



□ 27128 



□ 8742 

□ 8749 

□ 8749 H 



JL 



000-n 

7FF-J 

FFF 



2K 




0000^ 
07FfJ 



1FFF 



2K 




OOOOn 
07FFJ 



3FFF 



data 



000-1 

7FF.J 



2K 



Set "FF 16 " in the shaded area. 

•/K 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 
specification form (42P6 for M5MC49A-XXXFP and M5MC49H-XXXFP, and 40P4 for other type) and attach to the mask ROM 
confirmation form. 

38 3 . Outline of the final products (Please enter as far as to be allowed) 

3K 4 . Comments 



MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 8-48 and ME LPS 8-41 MASK ROM 

ORDERING METHOD 



GZZ-SH01-23A<7ZA0> 



SERIES MELPS 8-48 and MELPS 8-41 MASK ROM 

CONFIRMATION FORM 

SINGLE-CHIP 8-BIT MICROCOMPUTER 

M5M8050H-XXXP 

M5M8050L-XXXP 

MITSUBISHI ELECTRIC 



Mask ROM number 





Q. 

O 
<D 
DC 


Date : 


Section head 
signature 


Supervisor 
signature 







Note ! Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


CO «3 
CO D) 

Him 


Responsible 
officer 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name : 



□ 
□ 



M5M8050HXXXP 
M5M8050L-XXXP 



Checksum code for entire EPROM areas 



(hexadecimal notation) 



EPROM type 



□ 2732 



ooo- 



□ 2764 



oooo- 

0FFF- 
1FFF 



4K 



□ 27128 




3FFF 



Set "FF 16 " in the shaded area. 

% 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the appropriate mark 

specification form (40P4) and attach to the mask ROM confirmation form. 
*K 3 . Outline of the final products ( Please enter as far as to be allowed) 
. 8M . Comments 
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.ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



MARK SPECIFICATION FORM 

Mark specification form differs depending on the package 
type. Fill out the mark specification form for the package 
type being ordered, and submit the form with the mask 
ROM confirmation form. 



MITSUBISHI fi _ R[ - 

, ELECTRIC b bb 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



40P4 (40-PIN DIP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark+Customer's parts number 

3 . Special mark required 



For 2 











































iAi 


Mitsubishi IC catalog name 



































- Up to 17 characters 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 I The mark field should be written to the right. 

2 I The identification mark can be up to 17 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 



Note 3 I If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 ! If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



42P6 (42-PIN QFP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark+Customer's parts number 

3 . Special mark required 



For 2 I" 



«- Up to 6 characters 



jfc : Mitsubishi IC catalog name 



For 3 : 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 : The mark field should be written to the right. 

2 : The identification mark can be up to 6 alphanumeric characters (except J, I and O) and 
hyphens. 



Note 3 : If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 : If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



For 2 



50P6 (50-PIN QFP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark+Customer's parts number 

3 . Special mark required 
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Mitsubishi IC catalog name 























«- Up to 10 characters 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 i The mark field should be written to the right. 

2 : The identification mark can be up to 10 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 



Note 3 i If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 I If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



52P4B (52-PIN SHRINK DIP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark+Customer's parts number 

3 . Special mark required 



Mitsubishi IC catalog name 



«- Up to 18 characters 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 .' The mark field should be written to the right. 

2 : The identification mark can be up to 18 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 



Note 3 ! If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 ! If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



For 2 



60P6 (60-PIN QFP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark+Customer's parts number 
3. Special mark required 



*- Up to 12 characters 



Mitsubishi IC catalog name 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 ■ The mark field should be written to the right. 

2 .'. The identification mark can be up to 12 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 



Note 3 '. If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4. '. If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark+Customer's parts number 
3. Specialmark required 

For 2 : 
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Mitsubishi IC catalog name 







































«- Up to 19 characters 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 '. The mark field sfiouldtre written to the right. 

2 : The identification mark can be up to 19 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 



Note 3 ! If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 '. If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P6S (64-PIN QFP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark+Customer's parts number 

3 . Special mark required 



For 2 



*- Up to 10 characters 



Mitsubishi IC catalog name 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 ! The mark field should be written to the right. 

2 : The identification mark can be up to 10 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 



Note 3 .: If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 : If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 




6-72 



MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P6W (64-PIN QFP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark-j-Customer's parts number 

3. Special mark required 



For 2 



*- Up to 12 characters 



Mitsubishi IC catalog name 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 ' The mark field should be written to the right. 

2 : The identification mark can be up to 12 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 



Note 3 '. If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 : If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



72P6 (72-PIN QFP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark+Customer's parts number 
3. Special mark required 



For 2 



Mitsubishi IC catalog name 



«- Up to 12 characters 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 ' The mark field should be written to the right. 

2 : The identification mark can be up to 12 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 



Note 3 '. If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 : If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



80P6 (80-PIN QFP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2 . Standard mark+Customer's parts number 

3 . Special mark required 



For 2 
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Mitsubishi IC catalog name 



























*- Up to 12 characters 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 '. The mark field should be written to the right. 

2 : The identification mark can be up to 12 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 : 



Note 3 '. If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 '. If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



80P6S (80-PIN QFP) MARK SPECIFICATION FORM 



1 . Standard Mitsubishi mark 

2. Standard mark+Customer's parts number 

3 . Special mark required 



For 2 



■«- Up to 10 characters. 



Mitsubishi IC catalog name 



2 -a. Mitsubishi logo required 
2 -b. Mitsubishi logo not required 

Note 1 '. The mark field should be written to the right. 

2 : The identification mark can be up to 10 alphanumeric characters (except J, I and O) and 
hyphens. 



For 3 



Note 3 : If the special character fonts (ex. customer's trademark logo) must be used in special mark, a 
clean font original (ideally a logo drawing) must be submitted. 

4 I If special mark is to be printed, indicate the desired layout on the package drawing below. 
The layout will be duplicated as closely as technically possible. 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 



JAPAN = 

Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 

Telephone: (03)218-3473 
(03)218-3499 
Facsimile: (03)214-5570 

Overseas Marketing Manager 

Kita-ltami Works 

4-1, Mizuhara, Itami-shi, 

Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 

Telephone: (0727)82-5131 

Facsimile: (0727) 72-2329 



HONG KONG =========== 

MITSUBISHI ELECTRIC (H.K.) LTD : 

25 Floor, Leighton Centre, 

77, Leighton Road. Causeway Bay. 

Hong Kong 

Telex: 60800 MELCO HX 

Telephone: (5)773901-3 

Facsimile: (852)123-4345 



SINGAPORE - 

MELCO SALES SINGAPORE PTE. 

LTD. 

230 Upper Bukit Timah Road #03-01/ 

15 

Hock Soon Industrial Complex 

Singapore 2158 

Telex: RS 20845 MELCO 

Telephone: 4695255 

Facsimile: 4695347 

TAIWAN ================ 

MELCO-TAIWAN CO.,- Ltd. . 
1stfl., Chung-Ling Bldg., 
363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 
Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 
Telex: 25433 CHURYO "MELCO- 

TAIWAN" 

U.S.A. ================== 



NORTHWEST 

Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086, U.S.A. 
Telex: 172296 MELA SUVL 

Twx: 910-339-9549 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 



SOUTH CENTRAL 
Mitsubishi Electronics America, Inc. 
2105 Luna Road, Suite 320 
Carrollton, TX 75006, U.S.A. 
Telephone: (214)484-1919 
Facsimile: (214) 243-0207 

NORTHERN 

Mitsubishi Electronics America, Inc. 
15612 Highway 7 #243 
Minnetonka, MN 55345, U.S.A. 
Telex: 291 1 1 5 MELA MTKA 

Telephone: (612)938-7779 
Facsimile: (612)938-5125 

NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 
Mt. Prospect, IL 60056, U.S.A. 
Telex: 270636 MESA CHIMPCT 

Telephone: (312)298-9223 
Facsimile: (312)298-0567 

NORTHEAST 

Mitsubishi Electronics America, Inc. 

200 Unicorn Park Drive 

Woburn, MA 01801, U.S.A. 

Telex: 951 796 MELA WOBN 

Twx: 710-348-1229 

Telephone: (617)938-1220 

Facsimile: (617)938-1075 

MID ATLANTIC 

Mitsubishi Electronics America, Inc. 

45 Knightsbridge Road Plscataway, 

NJ 08854, U.S.A. 

Telephone: (201)981-1001 

Facsimile: (201)981-1218 

SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 

6100 Atlantic Blvd. 

P.O. Box 2447 

Norcross, GA 30091 

Telephone: (404) 368-4850 

Facsimile: (404) 662-5206 

SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433, U.S.A. 
Twx: 510-953-7608 

Telephone: (305) 487-7747 
Facsimile: (305) 487-2046 



WEST GERMANY ===== 
Mitsubishi Electric Europe GmbH 
Headquarters: 
Gothear Str. 6 

4030 Ratingen 1, West Germany 
Telex: 8585070 MED D 

Telephone: (02102)4860 
Facsimile: (02102)486-115 

Munich Office: 

Arabellastrafce 31 

8000 MUnchen 81, West Germany 

Telex: 5214820 

Telephone: (089)919006-09 

Facsimile: (089)9101399 



FRANCE = 

Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 
92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone: 47087871 
Facsimile: 47513622 



ITALY = 

Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Brianza l-Milano 
Telephone: (039)636011 
Facsimile: (039)6360120 

SWEDEN ================= 



Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex: 10877 (meabS) 

Telephone: (08) 960468 
Facsimile: (08) 966877 



U.K. 

Mitsubishi Electric (U.K.) Ltd. 

Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U.K. 

Telephone: (0044)7072 76100 

Facsimile: (0044) 7072 78692 

AUSTRALIA ================ 



Mitsubishi Electric Australia Pty. Ltd. 
73-75, Epping Road, North Ryde, 
P.O. Box 1567, Macquarie Centre, 
N.S.W., 2113, Australia 
Telex: MESYD AA 26614 

Telephone: (02) (888) 5777 
Facsimile: (02) (887) 3635 



SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox Street 
Torrance, CA 90502, U.S.A. 
Telex: 664787 MELA TRNC 

Telephone: (213)515-3993 
Facsimile: (213)324-6578 
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